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THE ‘SSOCTALIZATION” OF RESEARCH FUNDS 


EDGAR S. Gorpox, M.D. 
Mapisox, WIs. 


KLLOW members of the Central Society and guests: I would like to ex- 

press my sincere appreciation for the high honor conferred upon me in being 
elected to the presidency of this distinguished organization. It has been a real 
privilege to have been allowed to participate in the affairs of the Society as a 
member of the Board of Editors, as a Councillor, and now as an officer. 1 
have become increasingly aware, during this rich experience, of the remarkable 
talents of the voung men and women who form our membership and of the 
high quality of the research that they have contributed. I would also like to 
pay tribute to the faithful diligenee, lovalty, and patience of the Couneil, and 
to the integrity they bring to the performance of their duties of selecting a 
program and making recommendations of new members. These are not easy 
tasks. Special words of gratitude go to our Secretary, Dr. Weisberger, and to 
his secretary, Miss Lois Reeves, upon whose shoulders falls the tedious, routine 
business of making our Society function. With people such as these to guide me, 
my job has been pleasant and easy, and I have learned that the President is 
not such an important individual as I had once thought. 

About a week ago, while driving my ear across northern Illinois, I heard 
a news broadeast carrying the warning of Surgeon General Burney that those 
in the field of medical sciences in the United States, operating through, or in, 
eooperation with the federal government, must immediately inaugurate a 
‘‘erash program’’ of intensive medical school- and hospital building, with sharp 
expansion of training programs, in order to keep pace with the demands that 
lie ahead, which are arising out of the explosive increase in our population. 

Almost immediately thereafter, in the magazine, U. S. News and World 
Report, appeared an excellent article on the same subject. Sinee the problem, 
presented to the publie in this manner, was to form the basis for this address, 
the idea occurred to me to buy several hundred copies of this magazine, dis- 
tribute them at this meeting, and simply request everyone to read the article 
on page 73. The project, however, seemed prohibitively expensive and was 
disearded. This statement sounds familiar to those of us who have followed 
recent developments in the relation of medicine to society, and underlines an 
urgent and perplexing problem of great general coneern. During the next 
few minutes I would like to review some of the major aspects of this situation 
and consider a few possible recommendations for the future that have stimu- 
lated the most attention and discussion. 


Presidential address, Thirty-second Annual Meeting of the Central Society for 


1 r Clinical 
Research, Chicago, Illinois, Nov. 6 and 7, 1959. 
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All of us engaged in researeh activities of any sort are obliged to divide 
our time and effort between the actual pursuit of scientific details of our ex- 
perimental procedures, and a certain amount of worry about the perpetua- 
tion of our financial support. People who provide researeh funds have an 
annoving habit of wanting to know what use is being made of their money, 
and this function of periodic accounting by the recipient grows relentlessly as 
we progress, with the passing of years, from junior to senior investigators 
and along with it comes, almost invariably, certain convictions and philosophical! 
viewpoints concerning the sources, availability, and administration of the g@1- 
gantie funds that support the entire structure of scientific research in American 
institutions. 

During the past vear, all of us in the medical sciences have been interested 
in, and appalled by, the content and implications of the now well known 
‘*Bayne-Jones report’’ sponsored by the Department of Health, Edueation and 
Welfare of the Federal Government, and the comparable report from the 
National Scienee Foundation, whieh deals with government-university relation- 
ships in federally sponsored scientific research and development. The trends 
for the future, which these reports portend, are so startling and even frighten- 
ing that thev are, of necessity, of great interest to every one of us. 

Undoubtedly every generation has considered itself unique in terms of 
the magnitude of the crises it has faeed, but it seems to me that even in the 
sober, dispassionate judgment of history, our present era will be looked upon 
as a ‘‘erossroads’’ of some sort, in regard to the integration of scientifie re- 
seareh into the general stream of human life and progress. The aecelerating 
speed of advancement of both basie and applied seienee functioning against 
the background of explosive social and population changes has resulted in the 
urgent need for a searching appraisal of our present status, and a plan for 
what appears to be a chaotie future. Any sense of complacency that we Ameri- 
cans may have had about our own scientific virtuosity was abruptly and 
rudely jolted by the launching of the sputniks, and by the gradual revelation 
that has followed of the true vitality and potential of the competitive researeh 
drive that exists behind the ‘‘iron curtain.’” Indeed, our whole edueational 
system has been jarred to its foundations, and the resulting serutiny of our 
objectives and methods has stimulated some sober thinking about our soft and 
easy way of life, and about the lack of diseipline in our society. 

What, then, is the true nature of our present dilemma in medical eduea- 
tion and research? I would like to repeat a small amount of information which 
is now familiar to almost everyone. The Bayne-Jones report has indicated that 
we must expect to build and operate from 14 to 20 new medieal schools by 1970, 
if we are to supply the 8,700 new physicians each vear necessary to maintain 
the level of medical care that exists in this country at the present time. The 
major factor responsible for this eritieal situation is the explosion of popula- 
tion which threatens to give us a total census of 220 millions by that time. 
This population crisis, although generally known to most people, is not recog- 
nized in my opinion, to be as grave and ominous as it really is. The villain in 
the drama, ineidentally, is none other than the medical seientist, who has 
learned to control one disease after another (especially those of childhood), 
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enabling more people to live much longer than eould previously be expected. 
The factor of falling death rate is supplemented by an almost unbelievable 
human feeundity that would challenge the record of the most talented colony 
of rodents. In terms of research expenditure, the current level of nearly 350 
million dollars annually is expected to rise to approximately one billion dollars 
by 1970. Even by the time of publication of the report, however, these esti- 
mates had been revised, and this expenditure is now expected to oeecur by 1967 
or LO6S. 

The projection of thinking and planning one or two deeades ahead on the 
scale indicated by these figures creates a number of specifie and p vplexing 
problems. The first of these concerns the supply of personne] to fill all the 
research positions that will be created by the expanding program. Those in 
the biologie sciences in general, and in the field of medicine in particular have 
not done a good job of ‘‘selling’’ their fields to high school students who are 
about to enter college. Those in the physical and engineering seiences, on the 
other hand, have manifested mueh more enterprise and resourcefulness in this 
program, and appear aetually to have ‘‘stolen’’ significant numbers of young- 
sters who might otherwise have gravitated toward the biologie seienees, As 
testimony to this point of view, there has been a steadily falling number of 
medical sehool applicants during recent vears, and some basic seience depart- 
ments in large universities find themselves with shrinking numbers of appli- 
eants for graduate study and the Ph.D. degree. Indeed, some departments 
faced with this dilemma have instituted advertising campaigns to bolster up 
their sagging enrollments. Since there ean be no possible shortage of excellent 
potential candidates for graduate training in basie seienee, any attrition in 
applicants must be due to their diversion into other fields. Unless this trend is 
reversed, the projected expansion of medieal research cannot possibly occur, 
regardless of the funds that may be available. 

An equally disturbing trend has oeeurred in the reeruitment of young 
men and women for medical training and practice. It is common knowledge 
that the ratio of applieations to available places in most American medical 
schools has been falling over the past decade. With the sharp increase in need 
for physicians that lies ahead, this trend is hardly cause for complacency, and 
it is unlikely to be reversed unless we take some kind of positive action to 
change it. , 

A related problem is the degree and mode of participation of federal gov- 
ernmental agencies in the whole strueture of scientifie research in the United 
States. Upon this subject opinions vary from one pole to the other. Research 
these days is big business. It is remarkable and perhaps regrettable how few 
individuals are able, or at least content, to pursue high grade investigations at 
a relatively simple and modest level. Yet there are current examples of ex- 
cellent contributions coming from such laboratories. The greater part of bi- 
ologie and medical research, however, is carried on by ‘‘teams’’ of highly 
trained scientists using the most elegant and highly specialized equipment that 
becomes outdated almost before it has been put to use. This trend, of course, 


is perfectly legitimate and should be expected as a natural evolution of scientific 
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methods, but, at the same time, there is no need to equate bigness with ex- 
cellence; indeed, I am familiar with some research settings in which data are 
turned out many fold faster than they ean be interpreted and woven into the 
fabrie of useful knowledge. 

The huge program of research and training formulated in the Bayne-Jones 
report will require a sustained supply of astronomie amounts of money to make 
it funetion. Funds of such magnitude, in general, are not easy to come by, and 
the federal government is, in fact, the only possible, dependable souree. In ad- 
dition to providing stipends for thousands of investigators and trainees, the 
financing of an endless array of specialized, expensive equipment, and the 
purchase of routine laboratory supplies, the government agencies will be called 
upon for a larger and larger contribution to maintenance costs or *‘overhead”’ 
to the recipient institutions. Formerly at the 8 per cent level, this figure is now 
being raised to 15 per cent, with the probability that it will rise to 25 per cent 
in the near future. Agitation in Washington for 50 and 100 per cent allow- 
anee for indirect costs has been voieed in recent months, and the question so 
raised is not only of vital importance but involves some interesting implications. 
Some privately endowed universities have estimated their indireet costs of re- 
search at between 30 and 40 per cent, and the figure may vary from one in- 
stitution to another. However, it is difficult to arrive at a fair and accurate 
ratio. Whatever the level of participation of the government in the basic op- 
eration of medical schools and universities, there can be no doubt that a higher 
figure than the eurrent 15 per cent will be needed to avert a financial crisis in 
many institutions. Nevertheless, excessive financing of basic operations in 
medical schools must lead inevitably to a larger and larger stake in medical 
education as well as research by the government amounting, in effect, to an 
ultimate program of complete socialization of higher education. Under such 
conditions many of us wonder if the university ean maintain its autonomy and 
remain free from undesirable control and inefficient administrative restrictions 
from Washington. Dr. Lowell Coggeshall from the University of Chieago and 
Dr. Lee DuBridge from ‘‘Caltech’’ have recently dealt very adequately with 
this matter in 2 important addresses. 

A further problem relating to governmental research funds concerns the 
availability of money in excess of what can be used legitimately and wisely. 
Many laymen and even some scientists seem to have an idea, based in my opinion 
upon fallacious reasoning, that a crash program concentrating almost unlim- 
ited time, effort, brains, and money upon a single, well-defined problem must 
surely result in a solution in a reasonably short period of time. Sueh thinking 
has been applied, for example, to the cancer problem, on the theory that if 
enough people work on the problem, by the sheer force of mass action the 
answer must soon be found. It is my belief that this kind of reasoning is valid 
only to the extent that basie new scientific knowledge has not been put to praec- 
tical use, and I doubt that many of our most pressing problems in clinical medi- 
cine can be solved in this manner. In any case, the application of such an 
approach leads, very naturally, to the bizarre phenomenon of funds being con- 
ferred upon one or many investigators who actually don’t want more money 
and eannot use it. It must be emphasized, therefore, that there is a definite 
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finite ceiling to the appropriation of funds for scientific research—a ceiling 
which is geared to the numbers of able people available to make wise use of it, 
and the time they have to devote to the pursuit of their research. The admin- 
istrative challenge is to find and maintain the optimal balance between supply 
and demand for money. 

If the government is not to take over the entire business of medieal re- 
search and education by virtue of its unique position as the sole source of ade- 
quate funds to maintain the expanding program, are there any other sources 
of money that may be considered of sufficient magnitude to produce any modifi- 
eation of the general situation? The structure of research support has changed 
strikingly in the past 2 decades. In 1940, the contribution of industry, philan- 
thropy, and endowments was 14 times that supplied by the government. In 
1957, the government’s share was half again larger than that of the 3 other 
sourees combined, with the disproportion increasing progressively year by year. 
Thus, in the foreseeable future all sourees of funds other than government will 
shrink to relative insignificance. 

This leads logieally to the question of other possible donors of research 
money for the future. The big foundations, for the most part, are too heavily 
committed to other forms of philanthropy, including large investments in the 
social sciences. Nobody ean possibly criticize such a poliey. Private individual 
donations may occasionally provide supplementary help, but not in large 
amounts. Public money from solicitation for special disease research also may 
be helpful, but is hardly to be depended upon for sustained support. It seems 
quite clear, therefore, that industry is the only reasonable possibility. There 
are many large corporations which might logically have a stake in such an 
enterprise. Among these would be the pharmaceutical and life insurance com- 
panies, probably the chemical industry, and perhaps many more. Indeed, all 
industries might be interested. If each of 100 of these could be persuaded to 
contribute a large sum each year—say up to a million dollars (deduetible from 
corporate taxes, of course) for 10 years, a hugh fund could be accumulated in 
a relatively short time. Such ideas are sure to give the most rugged industrial 
executive a ‘‘sinking spell.’’ Good investment management of such a fund, 
however, would permit only the interest to be used for research grants on a 
large seale, and the support so provided could be perpetuated and increased 
indefinitely. 

The matters that I have discussed are only representative facets of the 
larger problem that must be viewed through the perspective of the social revo- 
lution through which we are passing, the competitive political ideologies that 
are struggling for dominance, and above all, the unbelievably spectacular prog- 
ress than man has made in understanding the world in which he lives and 
harnessing its forees for his own purposes. But time is running out. I have 5 
recommendations that may be considered for the future : 

1. Large institutional grants of money should be made by the federal 
agencies. This would simplify administrative detail by transferring this fune- 
tion entirely to the recipient institution. It would also minimize the attrition 
of funds in their journey from the taxpayer to Washington and back. 
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2. For the elinical sciences, more money should be made available for 
hospital beds. This is a form of support objected to by most donors, but vitally 
important to the area of applied research usually designated as ‘‘elinieal in- 
vestigation. ”” 

3. Arrangements should be made through government agencies, or recipi 
ent institutions, or both, to pay larger stipends to clinical investigators. In 
too many American institutions, clinical research is a part-time job supple- 
mented, from economie necessity, by private patient consultation. 

4. Possibility of creation of a large fund from industrial sources should 
he explored, as outlined previously, to augment the support derived from the 
vovernment. 

5. A large, carefully planned, energetic campaign of recruitment of high 
school and college students should be undertaken to provide the medieal sciences 
with the manpower and womanpower of trained personnel, upon whom its life 
and vitality in the future will depend. 


I wish to add one final personal philosophical comment. From the ae 
cumulated factual information upon which this discussion was based, | have a 
firm conviction that medicine and the biologie sciences whieh form its founda 
tion are being swept along by an irresistable and relentless foree into a pattern 
of complete socialization, the origin of which may possibly date back to 1932. 
Perhaps we must bear our share of the blame for this change. I think we, as 
doctors, have placed too high a premium on our services to society, in the form 
of fees which on the average are excessively high. We have fostered, or at least 
have aequiesced to a steadily rising cost of medical care for the average Ameri- 
can that is now threatening the whole structure of our profession. Voluntary 
health and hospitalization plans have been of help and have delaved the final 
day of reckoning, but, for many millions of Americans, especially those in 
middle income brackets, these forms of assistance are still woefully inadequate, 
and serious injustices are being committed every day. The only answer, from 
the viewpoint of the average citizen caught in this trap, is some kind of a 


‘*national health aect,’’ whether it be patterned after the British plan, or some 


other. If the present trends continue, and I do not think we ean change them, 
we may look forward to the federal governnent moving steadily into a position 
of virtually complete control of medical research, medical education, and medi- 
eal eare. I believe the direction of change is clearly marked for all to see, and 
if this prediction comes true, all supplementary or substitute forms of financing 
for these functions will be rendered unimportant or useless. Whether or not 
any one of us happens to favor or abhor this transition into ‘‘creeping social- 
ism’’ the inescapable facts seem to point in that direetion. Only the future ean 
provide the answer. 
REFERENCES 
1. Coggeshall, Lowell T.: The Problem of the Change, J. M. Edue, 34: 1-7, 1959. 


2. DuBridge, L. A.: Problems of Financing Research at a Private University, Engineer 
ing and Science Magazine, June, 1959, California Institute of Technology. 
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CLINICAL AND EXPERIMENTAL 


RESULTS OBTAINED WITH THE ANTIGLOBULIN CONSUMPTION 
TEST AND INVESTIGATIONS OF AUTOANTIBODY 
EKLUATES IN IMMUNOHEMATOLOGY 
(‘ARL STEFFEN, M.D.* 

VIENNA, AUSTRIA 


MMUNOHEMATOLOGY, a new field of scientifie investigation, has developed 
| in recent vears. While a sufficient number of serologic methods for the in- 
vestigation of erythroeyte antibodies and autoantibodies had been developed 
previously, the investigation of leukocyte and platelet antibodies was involved 
with methodic difficulties. The appearance of antibodies of the complete type 
(agglutinins) was demonstrated by Dausset,' Miescher,? Moeschlin,® Stefanini," 
and Tullis... From these investigations the conclusion was reached that 
platelet and leukoeyte agglutinins appear in cases of idiopathic thrombopenic 
purpura (ITP) and idiopathic granuloeytopenia (IGP). Just as in cases ot 
acquired hemolytic anemia, it also proved possible to demonstrate the appear- 
ance of an autoagglutinin acting against the platelets of the patient in eases 
of ITP.S Transfusions of ITP blood or TGP blood caused a diminution of 
platelets or leukoeytes in healthy recipients.’ Injections of ITP or IGP 
serum caused marked thromboeytopenia or leukopenia in rabbits.) * ' Further 
investigations showed that platelet immune antibodies arose after platelet 
transfusions in man® and that an experimental autosensitization was possible.” 

In cases of hemolytic anemia, antibodies of the complete and the in- 
complete type were simultaneously demonstrable. In cases of ITP and IGP, 
one was generally confined to the investigation of complete antibodies (ag- 
vlutinins). The demonstration of incomplete leukocyte and platelet antibodies 
by a routine technique seemed very desirable for the investigation of the 
immunopathogenesis of these diseases, and for support of the clinieal diag- 
nostic methods, 

The Antiglobulin Consumption test, developed and published for the 
first time by us in 1954,'*) 1 seemed to be helpful in this situation. The Anti- 
elobulin Consumption (AGC) test represents a method which, as a sequence 
of its technieal properties, is especially qualified for the demonstration of in- 
complete antibodies. Further details about this characterization will be given 
later. The method may be performed in a direct form (demonstration of, anti- 
hodies having beeome linked onto the cell surface in vivo) and in an indireet 
form (demonstration of cireulating antibodies in the serum). This technique has 
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been used with suecess by us for the demonstration of leukocyte antibodies'!* 
and platelet antibodies.’® ‘7 The demonstration of an autoantibody in eases of 
rheumatic fever and in cases of rheumatoid arthritis reacting with heart, 
e.g., connective tissue antigens,’* ? in cases of liver cirrhosis*® reacting 
with liver homogenizations, and in eases of multiple sclerosis?! reacting with 
brain homogenizations was furthermore possible. The results of our investiga- 
tion have been proved and confirmed by other investigators.’ : 

The principle of the test in its indirect) form consists of incubat 
ing a pathologie serum simultaneously with a control serum with antigenic 
cells, e.g., leukocytes or platelets. These cells will become sensitized by anti- 
bodies which correspond serologically, when sueh antibodies are present in 
the pathologic serum. After eliminating all traces of nonspecifically adherent 
serum globulin from the cells by several washings, these cells, having become 
sensitized (experiment) or not sensitized (control), are brought into contact 
with an antiglobulin serum of known activity. Antibodies specifically linked 
onto the surface of the cells will react because of their globulin property with 
the antiglobulin antibodies. The antiglobulin serum pipetted off these cells 
will show deereased antiglobulin activity after consumption in contrast to the 
control, where no antiglobulin-consuming antibodies have been present. This 
decrease of antiglobulin activity gives an indirect sign of the antibody content 
having been present in the pathologie serum prior to incubation with the 
antigenic cells. 

In the direet form of the AGC test, sufficient cells from the pathologic blood 
and from a control blood must be obtained to receive a satisfactory volume of a 
suspension of 40,000 leukocytes per ¢.mm. or of 1 million platelets per 
e.mm. With these cell suspensions, the test is carried out in the same manner 
as in the indirect form after the incubation of test cells with the pathologic 
serum. 


MATERIALS AND METIIODS 
I. Preparation. 


A. Preparation of leukocytes and platelets as antigen: Leukocytes and platelets ean 
be isolated individually from a blood of group O, Rh positive with the usual techniques. 
The cell sediments received are washed with saline and should be pure and not too inter- 
mixed with other cells. The method described by Maupin26 has been proved to be very 
useful for the preparation of larger amounts of pure leukocyte and platelet sediments, 

Cell sediments obtained from the blood of 4 to 10 donors (O, Rh_ positive are 
collected and mixed. The total of the leukocyte or platelet sediment is lyophilized. To 
1.0 ml. pathologie serum 


rv control serum an amount of 10 to 20 mg. lyophilized leukocytes 
or of 20 to 40 mg. lvophilized platelets is added, 
B. Preparation of blood vessel homogenization = Pieces of arterial and venous blo d 


vessels are finely divided, washed, and homogenized. The mash is washed again with saline 


until the washings are clear. A suspension of the mash is filtered through a double layer 


of surgical gauze. The material passing through the gauze is collected, washed, and 
centrifuged. The cell sediment is collected and lyophilized. The lyophilized material is 
washed with ether and dried. Four milliliters of serum is incubated with an amount of 
10 to 20 mg. lyophilized material. 

Il. Performance of the Antiglobulin Consumption Test. Forty milligrams lyophilized 


platelets or 15 mg, leukoeytes are suspended in 4.0 ml. pathologie serum and control 
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RESULTS OF ANTIGLOBULIN CONSUMPTION TESTS 1] 


serum. Each new preparation of platelets or leukocytes should be tested first with 3 to 4 
eontrol sera and 1 to 2 serologically positive sera to discover the best incubation ratio 
between cell weight (20 to 40 mg. platelets, 10 to 20 mg. leukocytes) and 4.0 ml. serum. 
The weight of cells which give strongly positive reactions, once determined, can serve 
for further experiments as standard incubation ratio for the cells of this preparation. 

The mixtures of cells and serum are incubated in a water bath at 37° C. for 45 
minutes. Then the suspensions are made up to 8.0 ml. with protein-free, cooled saline, 
are centrifuged, and the supernatant is discarded. The cell sediment is then washed 
6 to 8 times with protein-free, cooled (+4° C.) saline. The supernatant of the last washing 
is pipetted off and the cell sediment is suspended with slight shaking into 1.0 ml., protein- 
free saline, 

Several series of test tubes, each containing 5 protein-free tubes, are grouped to- 
gether. Two drops of the antiglobulin serum, with a dilution which is 6 full titer steps 
less than the highest dilution which just gave a + agglutination with the sensitized 
erythroevtes, are placed in the first tubes of all series. Ascending dilutions (2 drops) are 
put into the remaining tubes in each series, so that in the final tubes of each series the 
dilution of the antiglobulin serum is one titer step less than that giving + agglutination 
in highest dilution with sensitized erythrocytes. For example, final antiglobulin titer 
is 1:1024+; dilutions used in the performance of the test are 1:32, 1:64, 1:128, 1:256, and 
1:512. Two drops of the experimental cell suspension (cells which have been ineubated 
with patient serum) are then dropped into each tube of the first series. The previously 
mentioned suspensions have to be slightly shaken before filling the tubes, 

Now the filled tubes of the first series are shaken slightly for 45 seconds and are 
then centrifuged for a time long enough to permit them to be replaced into their appro- 
priate series in the rack after exactly 3 minutes, inclusive of the time required for shak- 
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ing and centrifuging at 3,000 rp.m. The centrifuge used in this performance must be 
able to attain its maximum speed very quickly and to stop quickly. 

One drop each of the supernatant antiglobulin serum is then quickly taken out of 
each tube and dropped onto a prepared protein-free glass plate in due conformity with 
the gradually inereasing dilutions. The antiglobulin serum, once pipetted off the cell 
sediment after the consumption and placed onto the glass plate, shows no longer a change 
of its antiglobulin aetivity. In the routine performance of the test, working usually 
with 5 pathologie sera and 1 control serum for eaeh sort of antigen, the incubation and 
the washings are done with all serum and control samples at the same time, while the 
consumption and the placing of the supernatant antiglobulin serum onto the glass plate 
is performed for one serum sample after the other. The control is investigated in the 
same way as described above as the last serum of the series under investigation, This 
performance facilitates the work with the test in the daily routine. Then the antiglobulin 
titer of the 5 different tests and of the control is recorded after the addition of sensitized 
ervthroevtes. 

Between the final titer of the antiglobulin serum prior to the consumption and the 
antiglobulin titer of the control after the consumption there is a difference of one-half 
or one titer step, for example, 1:1024+ to 1:512+. Such results are recorded as negative. 
This difference results partly from a higher final dilution of the antiglobulin serum in the 
AGC test than in the titration of the antiglobulin serum prior to the AGC test, and 
partly from a slight nonspecific basic consumption by the surface of antigenic cells, 
especially in tests using tissue antigens. If larger differences between control test and 
original antiglobulin titer appear, they are caused by inaccurate washing and incompletely 
protein-free glassware. If no technical faults can be made responsible the control serum 
is to be regarded as false positive. 

We use circular glass plates subdivided by 7 longitudinal and 7 latitudinal varnish 
lines, giving 6 longitudinal and 6 latitudinal rows with 6 square fields in each row. An 
example of an AGC test result is: First row (pathologie serum): dilutions of 1:32, 


1:64, 1:128, giving ++ to + agglutination, 1:256 and 1:512 being negative. Second row 
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control serum): dilutions of 1:32, 1:64, 1:128, 1:256 


, and 1:512 giving +++ to + agglutina- 
tion. The AGC test result shows the difference between 1:512+ and 1:128+*, that is, 
aw difference of 2 titer steps antiglobulin serum dilution. 

Ill. Preparation of Sensitized Erythrocytes. 


O, Rh positive erythrocytes are incubated 
with a standardized antiserum containing 


incomplete rhesus antibodies at the most 
favorable sensitization ratio27 of 0.2 ml. packed erythroeytes + 3.0 ml. saline + 1.0 ml. 
antiserum at 37° C. for 30 minutes. These erythrocytes, sensitized with an incomplete 
rhesus antibody, made free of nonspecific serum proteins by washings, and suspended to 
a concentration of 7 to 10 per cent in protein-free saline, are used for all reactions with 
the antiglobulin serum. 

IV. Antiglobulin Serum.—The antiglobulin serum used should be standardized. We 


use antiglobulin serum, Hemoderivate, Vienna, which shows regularly a_ final titer of 


1:1024 to 1:512 with our sensitized erythrocytes, 
V. Isolation Technique. Lyophilized platelets or leukoeytes are ineubated with a 
pathologie serum (PS) and a normal serum (NS) under the 


same conditions as in the 
AGC test. 


When working with greater volumes ot sera and using a previously determined 


incubation ratio (cells:serum), this ratio can be repeated several times with the purpose 


of obtaining a larger amount of isolated substances. In 


each ineubation, 8.0 ml. PS or 
NS is mixed in a tube with 40 mg. 


lyophilized leukocytes or 80 mg. platelets. The cells 
are decentrifuged after incubation, the supernatant serum is pipetted off, and the remain- 
ing cell sediment is washed 8 to 10 times with protein-free, cooled (+4° C.) saline. The 
cell sediment of each tube is resuspended in 1.0 ml. protein-free, cooled, 0.9 to 2.0 per cent 
NaCl solution (elution liquid). The best results have been obtained with 2.0 per cent 
NaCl solution as elution liquid. The tubes, containing the cells suspended in the elution 
liquid, are put for 10 minutes into an ice bath and following this, into a water bath at 
6° C. There they remain 20 minutes. After the first 10 minutes the tubes 


are taken 
out and are rocked for a short while. 


After the elution procedure the tubes are centrifuged 
15 minutes at 3,500 r.p.m. and the supernatant liquid is carefully pipetted off the cell 


sediment. The elution liquids of several tubes are finally collected in one tube. From 
a 48 ml. volume of PS or NS, one receives, for example, an eluate of 6.0 ml. The eluates 
contain the isolated antibody and represent a material for further serologic, electro- 
phoretic, and physiochemical investigations as well as for bioassays in animals. 

VI. Serologic Investigation of the Eluate.—One drop of the eluate is placed on each 
of 6 square fields of the glass plate already described. 
in ascending dilutions is added, 
with 1 drop of an 


One drop of antiglobulin serum 
in such a way that the last drop of the eluate is mixed 


antiglobulin serum dilution 1 titer step below the dilution giving the 


final titer of the antiserum with sensitized erythrocytes. After 3 minutes’ consumption 
time, 1 drop of sensitized erythrocyte suspension is added into each field. The agglutina- 
tion is recorded. <A difference between the agglutination of the eluate of NS and the 


eluate of PS is explained through antiglobulin consumption by globulins linked specifically 
onto the antigenic cells in the experiment and isolated into the eluate of PS. 


The result 
is recorded as the difference of titer steps of 


the final antiglobulin dilutions giving + re 
sults in the control and the experiment. 

A fundamental condition for the reliability of the AGC test as well as of the isola 
tion technique is performance of the work after the incubation under conditions free of 
contaminating protein. All glass implements must be absolutely free of protein. 


Saline 
and elution liquids are considered 


as protein free, when composed of freshly bidistilled 
water and chemically pure NaCl. The test tubes 


and glass plates are made free of 
protein by brushing with soapy water, 


washing with bidistilled water, drying, depositing 
in chromium H,.SO, for 24 hours, washing in bidistilled water, and drying. Pipettes 
are made free of protein by washing with bidistilled water, 
H.SO, for 24 hours, washing with bidistilled water, and drying. 
VII. Animal Experiments With the Eluates. 
having a volume lar 


depositing in chromium 


Control eluates and experimental eluates 
ger than 2.0 ml. are concentrated after dialysis to 2.0 ml. 


Control 
eluates and experimental eluates are injected in 


volumes of 2.0 ml. intravenously in the 
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ear vein of rabbits. The blood cells (erythrocytes, platelets, and leukocytes) of the animal 
are counted prior to the injection and 1, 2, 4, 6, 8, 48, 72, and 96 hours after the injection. 


RESULTS 
I. With the AGC test it was possible to demonstrate, for the first time, 
the appearance of an incomplete leukocyte antibody in idiopathic paneytopenia 
and idiopathic granulocytopenia. The results of our investigations concern- 
ing these diseases are recorded in Table I. Together with our results, we 
vive the results of other investigators who have already used the AGC 
technique. 


“ABLE IT.) INVESTIGATION RESULTS OF THE ANTIGLOBULIN CONSUMPTION AGC) Test WITH 
LEUKOCYTES AS ANTIGEN 
INDIRECT FORM DIRECT FORM 
TOTAL OF AGC TEST OF AGC TEST 
AUTILOR CASES CASES 
Steffen Serum of Panecytopenia Be 7 & 
Severe granulocytopenia 14 10 1 
Chronie granulocytopenia 10 Is 22 
Aleukemie leukemia } } 
Various diseases 32 32 
Healthy individuals 30 30 
Dausset Leukoevtes of Leukopenia 51 Zs 29 
Chronie leukemia 12 12 
Various diseases io) 9 
Healthy individuals 15 _ 15 
Mieseher2s Serum of Paneytopenia l l 
Granulocytopenia | l 
Lupus erythematosus 7 7 
Rejholee29 Serum of Granuloeytopenia 17 13 i 
Healthy individuals 20 20 


We investigated 185 sera and used leukocytes as antigen. Sixty-nine 
sera were taken from patients suffering from paneytopenia and granuloecyto- 
penia of varying severity. Krom LD cases ot idiopathie paneytopenia, ‘ showed 
a positive and 8 a negative consumption result. From 14 patients with severe 
idiopathic granuloeytopenia (leukocytes between 800 to 2,000) per e¢.mm.), 
10 patients gave a positive and 4 a negative AGC test. From 40 patients 
suffering from idiopathic granuloeytopenia in a chronic form (leukoeytes 
between 2,000 and 3,500 per e.mm.), 18 patients showed a positive and 22 
a negative result of the AGC test. ‘inree cases of Felty’s syndrome were 
among these 40 eases, giving 2 positive and | negative consumption reaction. 

From the total of 35 sera reaeting positively serologically, 14 eases had 
already received L or more transfusions prior to the serologie investigation. 
The antibody demonstrated in these 14 cases might be an isoimmune antibody 
or an autoantibody. Its reaction with leukocytes of various persons who 
are group O, Rh positive, makes it unlikely that it has the property of an 
isoimmune antibody. In the remaining 21 cases, transfusions were not per- 
formed prior to the serologic investigation. The assumption that this anti- 
hody is a leukoeyte autoantibody, therefore, seems well justified. 
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The sera from 4 patients with aleukemie leukemia and 52 sera of persons 
suffering from various diseases (among them ‘‘labile’’ sera from cases of 
cancer, liver cirrhosis, y-myeloma, and morbus Waldenstrém) gave negative 
consumption results. With the purpose of investigating the cell specificity of 
the leukoeyte antibody, sera of 9 eases giving a positive AGC result with 
leukoeytes as antigen were tested simultaneously with platelets as antigen. 
Kight sera reacted negatively with platelets; 1 serum gave a weak positive 
reaction (Table IIT). Thirty sera from healthy individuals, who were used 
as controls, always gave negative consumption reactions. 

Dausset*> obtained 22 positive and 29 negative results with the direct form 
of the AGC test in 51 eases of leukopenia. Sinee autologous leukoeytes are 
used for antiglobulin consumption in the direct form of the test, the sensitiza- 
tion of the patients’ leukoeytes and the autoantibody nature of the leukoevte 
antibody was proved by these findings. Van Loghem*? reports similar results. 
Leukocyte agglutinins were demonstrable simultaneously in the major part of 
Dausset’s cases. In a total of 66 other cases, the test was negative. The 
findings of Dausett®* °° are important because they prove the simultaneous 
appearanee of complete and incomplete leukoeyte antibodies, whereby the 
leukocyte surface antigens are blocked by the incomplete antibodies for a 
reaction with circulating complete antibodies (agglutinins). These results 
explain the cause of the nonageglutinability of the patients’ leukocytes in 
cases of pancytopenia and granulocytopenia by leukoeyte agglutinins cireulat- 
ing in the blood. A major objection against an autoantibody nature of 
leukocyte antibodies in these eases seems to be refuted by these findings. 
Miescher,** working with the indireet form of the AGC test, observed a posi- 
tive consumption result in 1 case of eranuloeytopenia and in 1 ease of 
paneytopenia, using leukoeytes as antigen. When using nuclei of leukoeytes 
as antigen, strongly positive consumption results were obtained in 7 cases 
of lupus erythematosus. Rejholec?’ observed a positive indirect consumption 
test in 15 cases out of a total of 17 patients with idiopathie granuloeytopenia, 
while sera of 20 healthy individuals gave negative results. 


Il. We have developed, in connection with the AGC test”! a technique 
for the isolation of incomplete leukocyte or platelet autoantibodies (as well 
as for tissue autoantibodies). With the purpose of observing the difference 


in reactivity of the AGC test performed with serum and eluate, a series of 
10 sera of patients suffering from idiopathic granulocytopenia, being more 
than a vear in our serologic and hematologic control and showing repeatedly 
positive AGC tests, were used for the preparation of eluates in the following 
investigation. The results are recorded in Table IL. 

Column A gives the number of the cases; Column B shows the leukocyte 
count; and Column © the AGC test of sera 1 to 10 at the time of investigation. 
In all investigations, controls with a serum of healthy individuals were simul- 
taneously performed and the AGC test results indicate the difference between 
the consumption of the pathologie serum and the control serum in titer steps 
of antiglobulin serum dilutions. Column D shows the ineubation ratio between 
serum and leukocytes. Column E shows the volume of the eluates, and 
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Column EF records the AGC test of the eluates. that is to say, the difference 
between the consumption of the cluate under investigation and of a control 
cluate in titer steps of antiglobulin serum dilutions. 

Comparing the AGC test results of serum and eluate, one sees that in 
Cases 1 to 5. the results were closely related and an inerease of the results 
in the eluate could not be obtained. In these experiments, we used a leukoevte 
suspension in saline with 20,000 leukocytes per ¢mm. as antigen. In the 
experiments of Cases 6 to LO we used dried and lvophilized leukoeytes as 
antigen without suspending them previously in saline, suspended these lyo- 
philized cells directly in the serum, and increased the incubation ratio by 
using more leukocytes against a volume of 4.0 ml. serum. In these eases the 
AGC test gave stronger positive results in the cluate than in the serum. A 
concentration of the autoantibodies in the eluates could be obtained. A certain 
excess of antigenic cells, adequate for the absorption of all antibodies in the 
serum, therefore, appears to be helpful for the inerease of the test results. 
The use of an equal amount of antigenic cells in experiment and control is 
of importanece.* 

After incubation (incubation as a preparation for the elution experiment ), 
10 ml. portions of the sera (Cases 6 to 9) used previously for incubation, 
Were incubated again with leukocytes and the AGC test was repeated. The 
results were negative. The leukocyte sediment, which remained behind after 
the elution procedure, was mixed under the usual conditions with an anti- 
globulin serum and was tested in respect to antiglobulin consumption. The 
tests were negative. These results indicate that (1) the autoantibody was 
quantitatively absorbed from the pathologie serum by the amount of leuko- 
cytes used, (2) the leukocytes were freed quantitatively from the autoanti- 
body by elution, and (5) the globulins in the eluates giving positive AGC 
tests correspond to the autoantibody globulin of the pathologie serum. 

III. The serologie results obtained with the AGC test proved the appear- 
anee of a leukocyte autoantibody in the serum of patients suffering from 
paneytopenia or idiopathie granuloeytopenia. The results of the elution ex- 


periments proved that this antibody can be split off the surface of leukocytes, 


TABLE II. COMPARISON BETWEEN THE RESULTS OF ANTIGLOBULIN CONSUMPTION (AGC) 
Tests WITH SERUM AND ELUATE IN CASES OF GRANULOCYTOPENIA 


\ B ( D E FE 
CASI LEUKOCYTI AGC TEST INCUBATION RATIO SERUM: VOLUME AGC TEST 
NUMBER NUMBER SERUM LEUKOCYTES (L. OF ELUATE ELUATE 
l 2 100 . 2 12 ml. + 2 mi. L. susp. 1.5 mi. 2% 
2 ? 600 2 12 ml. 3 ml. L. susp. 1.0 mil. 2 
3 2 500 3 12 ml. 2 mi. L. susp. 1d mi. 3 
{ 2.800 1M 16 ml. + 4 ml. L. susp. 2.0 ml. l 
5 2.900 l 8 ml. + 2 ml. L. susp. 1.0 ml, 1 
6 2,200 3 So ml. + 3800 me. LL. 8.0 ml. $14, 
7 3,000 1% 32 ml. + 120 mg. LL. 1.0 ml. oY, 
S 1,500 ll, 64 ml. + 280 mg. L. 8.0 ml 3 
9 3,000 2, 32 ml. + 160 mg. L. 1.0 mil. } 
10 2,200 2 32 ml. + 120 mg. L. 1.0 mil. 3 


*In suspending 15 mg. lyophilized leukocytes in 4.0 ml. serum we received a suspension 
of about 20,000 leukocytes per ¢.mm. serum. 
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which have become sensitized by the antibody in a preceding incubation, and 
that this antibody ean be isolated into NaCl solutions. These results did 
not prove that this antibody exactly represents the substance of the pathologic 
blood, which is responsible for the diminution of leukocytes in the course of 


idiopathic granuloeytopenia. 


Although observations have been reported that transfusion of IGP blood 


causes a diminution of the leukocytes in a healthy recipient’ ® and that in- 
jeetions of TGP serum or of an heterologous antileukocitic animal serum cause 
a marked leukopenia in animals,” > objections have been made against the 
\ 
, YY 
j/ 
/ 





interpretation that the cause of this cell-diminishing effeet is to be seen in a 
specific effect of leukocyte antibodies, since transfusions as well as injections 
of heterologous sera can be made responsible for a nonspecific transient cell 
diminution.” 

With the purpose of furnishing distinct evidence for the cell-diminishing 
effect of human leukocyte antibodies we prepared antibody eluates from 
IGP sera for bioassays. Control eluates were prepared simultaneously from 
control sera. A nonspecific effect of serum substances as the cause of cell 
diminution is to be exeluded in these investigations, since the sensitized 
leukocytes were washed 8 to 10 times with protein-free saline after incuba- 
tion with IGP serum and prior to the elution of the leukocyte antibody. Al! 
nonspecific serum substances are washed away by this treatment. In the 
eluates only, substances therefore appear which were split off the leukoeytes 
by the elution procedure. Using these eluates in bioassays, one appears 
therefore to be well authorized to assume that every leukoeyte diminution 
observed in these investigations must be caused by the leukocyte antibody 
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In investigating the cell count of leukocytes, platelets, and erythrocytes 
simultaneously, additional information about the cell-specifie properties of 
the purified leukocyte antibody was to be expected. The eluates of Cases 
l to 4 and 6 (patients’ eluate, PE) were injected intravenously in rabbits. 
The eluate of Case 6 was concentrated to a volume of 2.0 ml, the other eluates 
were injected in the volumes as indieated in Column EF of Table Il. Control 
eluates (CE) were injected simultaneously into other rabbits. 

‘ig. 1 shows a summary of the results of these animal experiments. With 

the purpose of making the drawing more distinct, the diminution or augmen- 
tation against the number of leukocytes per ¢.mm. prior to the injection was 
recorded. instead of the different absolute leukoeyte counts. After the in- 
jection of the eluates of Cases 1 and 2 (PE 1, PE 2) a significant decrease 
of the leukoeytes appeared within 4 hours; this was followed by a leukopenia 
of 24 to 72 hours. After the injection of the control eluates (CE 1, CE 2), no 
significant change was apparent. After the injection of PE 3 and PE 4 
Cases 3 and 4), a significant decrease of the leukoeytes appeared within 2 
to 4 hours, which was followed by a significant increase of the cell number. 
After the injection of CE 3, no significant change of the leukocytes was ap- 
parent, while, when the control CE 4 was injected, marked leukoeytosis 
appeared 6 hours after injection. Within 6 hours after injeetion of PE 6 
Case 6), a deerease of the leukocytes appeared which was normalized tempo- 
rarily, reappeared after 24 hours, and lasted over the following 5 days. After 
the injection of the eontrol (CE 6 , a loukoeyvtosis appeared, which was 
normalized after 48 hours. The erythrocyte and platelet counts carried out 
simultaneously, showed no effect of the injections on the number of these 
cells and, furthermore, showed no difference between the cell counts after 
PE and CE injection. 

IV. The AGC test has been proved to be a very useful technique for the 
detection of platelet antibodies. Our result in eases of ITP, in control eases, 
in controls with healthy individuals, and in cases of vascular purpura are 
recorded in Table Til. The results of other investigators who used the same 
technique are added. 

One hundred forty-two sera were tested by us with the AGC test using 
platelets as antigen. Irom the sera of 62 patients suffering from ITP, 41 sera 
eave a positive and 21 a negative consumption result. The platelet counts 
of the patients showed numbers between 18,000 and 150,000 eells per e.mm. 
Among the serologically positive eases were 29 adults and 12 children and 
among the cases serologically negative were 14 adults and 7 children. Five 
eases of leukemia (8 lymphatic and 2 myeloic forms) showed in 4 instances a 
negative and in 1 ease a positive AGC result. The positive result was ob- 
tained with the serum of a patient suffering from lymphatie leukemia. Sera 
of 18 patients suffering from various diseases gave in all instances negative 
AGC tests. These sera consisted of sera from 5 patients with coagulation 
disorder (hypoprothrombinemia, PTA deficiency, hemophilia) and of 13. so- 
called “labile” sera from patients suffering from liver cirrhosis (5 eases), 
dysproteinemia (4 eases), pneumonia (2 cases), y-myeloma (1 ease) and 
morbus Waldenstrém (1 ease). 








18 STEFFEN J. Lab. & Clin. Med 


TABLE LIL. INVESTIGATION RESULTS OF THE INDIRECT FORM OF THE ANTIGLOBULIN 
CONSUMPTION AGC) Test Wirth PLATELETS, BLOOD VESSEI 
HOMOGENIZATIONS AND LEUKOCYTES AS ANTIGEN 


AGt rEST 
rorTal PLATELETS BLOOD VESSEL LEUKOCYTES 
AUTILOR CASI CASES 
Steffen Idiopathic thromboeytopenia 62 1 21 3 10 
Leukemia 5 l | 
Various diseases IS IS 
Idiopathic granuloeytopenia 9 ] S 9 
Hemolytic anemia l l | 
Felty’s syndrome S 2 l l 
Healthy individuals 39 30 
Purpura rheumatica D * S 
Vaseular purpura 3 3 2 | 
Purpura fulminans ] ] I 
Periarteritis nodosn l | l 
Healthy individuals 12 2 
Mouliniet ITP 7 7 
Control patients 25 2° 
Healthy individuals 5) 15 
Dausset ITP without transfusions 14 7 7 
ITP with transfusions 31 19 12 


With the purpose of proving the cell specificity of the platelet antibody, 
10 ITP sera, giving a positive consumption test with platelets as antigen, were 
tested simultaneously with leukocytes as antigen. These tests remained 
negative. Three ITP sera giving positive AGC results with platelets gave 
negative results when simultaneously investigated with blood vessel homoge 
nizations as antigen. The sera of 35 healthy individuals gave negative 
results. 

With the purpose of investigating the antigenic effect of platelets on 
leukoeyte antibodies, 9 sera of IGP giving positive results with leukoeytes 
as antigen were simultaneously investigated with platelets. These sera reaeted 
negatively with platelets in & instances and gave a weak positive result in 
l case. One case of hemolytic anemia with a positive direet and indireet 
Coombs test reacted positively with leukocytes and negatively with platelets. 
Two cases of Felty’s syndrome (1 positive, 1 negative with leukocytes 
reacted negatively with platelets as antigen. 

Using lyophilized platelets and lyophilized blood vessel homogenizations 
simultaneously as antigen, ten eases of hemorrhagie purpura were investigated. 
Five cases with the clinical diagnosis purpura rheumatica showed with 
platelets a negative AGC reaction. The same sera investigated with blood 


vessel homogenizations as antigen showed in 3 instances a positive and in 2 


instances a negative AGC test. Three cases with the clinical diagnosis of 
vascular purpura showed with platelets negative and with blood vessel homog- 
enizations in 2 instances a positive and in | instanee a negative AGC result. 
The serum of 1 case of purpura fulminans reacted with platelets and blood 


vessel homogenizations positively. One case of periarteritis nodosa showed 
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TABLE IV. COMPARISON BETWEEN THE RESULTS OF ANTIGLOBULIN CONSUMPTION (AGC) 
Tests WItH SERUM AND ELUATE IN CASES OF IDIOPATHIC THROMBOPENIC PURPURA 
A Bh ( D E KF 
CASE NUMBER OF AGC TEST INCUBATION RATIO SERUM: VOLUMI AGC TEST 
NUMBER PLATELETS SERUM PLATELETS (P. OF ELUATI ELUATE 
la 60,000 2 32 mi. + S ml. P. susp. $.0 ml. 2 
hy 30,000 2 tS ml. + 210 mg. P. 6.0 ml. a) 
2,2 70,000 2 16 ml. 4 t ml. P. susp. 2.0 mil. 2 
by 145,000 | 16 ml. + i ml. P. susp. 2.0 mil. ] 
3 15,000 2u, 64 ml. + 280 mg. P. 8.0 ml. } 
{ 80,000 32 ml. + 140 mg. P. 1.0 ml. 1M, 
5 77,000 2 32 ml. + 140 mg. P. 1.0 ml. j 
6 1S,000 2 tS ml. + 420 me. P. $.0 ml. al, 


with blood vessel homogenizations a positive, and with leukocytes and platelets 
a negative AGC result. Twelve sera of healthy individuals reacted negatively 
with blood vessel homoevenizations as antigen. 

In Rome in 1958, Dausset*’ recorded that 14 cases of ITP without trans- 
fusions gave 7 positive and 7 negative consumption tests and that 51 cases 
of ITP which had received transfusions prior te the serologie investigation 

gave 19 positive and 12 negative results with the indireet AGC test. Using 
the direct form as a supplement to the indirect form of the AGC test, it was 
possible to prove that these platelet antibodies appear in a circulating form 


in the serum of the patients as well as in a cell-bound form, linked onto the 

surface of the patient’s platelets, sensitizing these platelets without agglutinat- 
ing them. The incomplete type as well as the autoantibody nature of these 
platelet antibodies seems to be demonstrated by these findings.** *° Moulinier® 


received with the same technique using the sera of 7 ITP patients, 7 positive 
reactions, and negative reactions with 25 sera of control patients and with 
ft) sera of healthy individuals. 

V. Sera of 6 patients with typical ITP, who were a long time under our 
hematologic and serologie control and showed in repeated investigations a 
positive AGC test with platelets, were used in elution experiments. The 
serologic findings of these investigations are recorded in Table LV. 

Column A gives the number of the case, Column B shows the platelet 
count, and Column © the AGC test of the sera 1 to 6 at the time of investiga- 
tion. In all investigations, controls with sera of healthy individuals were 
simultaneously performed and the AGC test results are recorded as the 
difference between the consumption of the pathologie serum and the control 
serum in titer steps of antiglobulin dilutions. Column D shows the ineuba- 
tion ratio between serum and platelets. Column E shows the volume of the 
eluates, and Column IF records the AGC test with the eluates, that is to say, 
the difference between the consumption of the eluate under investigation 
and a control eluate in titer steps of antiglobulin serum dilutions. 

Comparing the AGC test result of the serum and of the eluate one sees 
in Cases 1, a, 2, a, and 2, b that the serologic findings were closely related. In 
these experiments a platelet suspension in saline of about 800,000 cells per 


¢mm. was used as antigen. Comparing the AGC test of serum and eluate 
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in Case 1, where different incubation ratios were employed, one sees that in 
the experiment la using the platelet suspension as antigen an increase of 


the antibody concentration in the cluate was not obtained and the AGC test 


results of the serum and the eluate were identical. In experiment Ib, 
weighed lyophilized platelets were put direetly into the ITP serum (control 
serum) without being suspended in saline. Working with this ineubation 


ratio, an increase of the AGC test result could be obtained in the eluate com- 
pared with the serum. A similar increase was observed in Cases 3 to 6. This 
increase is achieved by omitting a dilution of the serum during incubation 
and by using a higher amount of cells in the incubation ratio. The cell con- 
centration of platelets after suspending 40 mg. dried platelets directly into 
4.0 ml. serum results in 900,000 to 1,000,000 platelets per ¢.mm. serum. Thess 
ean be counted individually and lie together with some little agglomerates ot 
different numbers of platelets. An estimation of the average of the platelet 
coneentration obtained in this incubation ratio, in our experience, a count of at 
least 1 million platelets per ¢.mm. serum. Everything said in paragraph I] 
applies also for the observations described here. We are employing now as anti- 
ven only blood cells or tissue homogenizations in a dried and lyophilized state. 
The amount of these antigens being necessary for the ineubation ratio of 
the test is measured by weight and the weighed antigenie substanees are 
suspended directly in the serum designated for investigation. 

After the incubation (incubation as a preparation for the elution), 4.0 
portions of the ITP sera (Cases 1, 3, 5, and 6) which had been used previously 
for incubation were ineubated again with platelets, and an AGC test was 
performed. The results were negative. The platelet sediment, which re- 
mained behind after the elution procedure, was mixed under the usual con- 
ditions with an antiglobulin serum and was tested with respect to antiglobulin 
consumption. The test was negative. These results indicate that (1) the 
autoantibody was quantitatively absorbed from the ITP serum by the platelets, 


2) the platelets were freed quantitatively from the autoantibody through 


elution, and (3) the globulins in the eluates giving a positive AGC test cor- 
respond to the autoantibody globulin of the ITP serum. 

VI. The serologie results obtained with the AGC test proved the appear- 
ance of an incomplete platelet antibody in the serum of the patients suffering 
from ITP. The results of the elution experiments proved that this antibody 
ean be split off the surface of platelets, which have become sensitized by the 
antibody in a preceding incubation, and that the antibody can be isolated 
into NaCl solutions. These results did not give an exact proof that this 
antibody corresponds to the factor of the ITP blood or serum, which causes 
a diminution of the patient’s platelets and which causes a decrease of the 
recipients’ platelets after transfusions or injections of ITP blood or serum. 

Although observations have been reported that transfusions of ITP blood 
cause a diminution of the platelets of a healthy recipient™ ° and that injection 


of ITP serum causes a marked thrombocytopenia in rabbits,? 7 objections 
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have been made against the interpretation that the eause of this eell diminu- 
tion is to be seen in a specific effect of platelet antibodies® since transfusions 
as Well as injections of heterologous sera can be made responsible for a non- 
specific transient platelet diminution. 

With the purpose of furnishing distinct evidence for the cell-diminishing 
effect of human platelet antibodies, we prepared antibody eluates from ITP 


sera for bioassays. Control eluates were prepared simultaneously from control 


sera. Everything said in paragraph IIL about the specific effect of these 
eluates applies also to the investigations deseribed in this section. The eluates of 
Cases 1, a, 2, a, 2, b, and 3 (patient eluate, PE), containing the in vitro 


reacting platelet antibody in an isolated state, were injected intravenously 
in rabbits. The eluate of Case 5 was concentrated after dialysis to a volume 
of 2.0 ml. The other eluates were injected in volumes as indieated in Column 
ID, Table IV. Control eluates (CE) were injected simultaneously into other 
rabbits. 
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hig. 2 shows a summary of the results of these animal experiments. With 
the purpose of making the drawing more distinct the diminution or the 
augmentation of the platelets (cells per ¢.mm.) in comparison to the platelet 
count prior to the injections was recorded instead of the absolute cell counts. 
After the injection of PE 1 from Case 1, a, a significant decrease of the 
platelets appeared within 4 to 6 hours, which was followed by a marked 
thrombocytopenia lasting more than 5 days. After the injection of the control 
CE 1, no significant change appeared in the platelet count. The PE of Case 
2 was prepared twice. The first time on the peak of the thromboeytopenia 
(PE 2, a) and the second time at the beginning of convaleseenee with an 
increased platelet number and with diminution of the AGC test result (PE 
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2, b). After the injection of PE 2, a, a significant decrease of the platelets 
appeared again within 4 to 6 hours whieh was followed by a marked throm- 
bocytopenia lasting more than 3 days. After the injection of PE 2, b, there 
appeared a less marked diminution of the platelets than in the experiment 
with PE 2, a. The thrombocytopenia was normalized after 2 days. After 
the injection of the controls CE 2, a and CE 2, b, no significant change in 
the platelet count appeared. After the injection of PE 3 (Case 3), a decreas« 
of the platelets appeared within 4 to 6 hours, followed by a thrombocytopenia 
which was normalized after 3 days. The effeet of this PE injection differed 
again significantly from the control (CE 3) in which a slight increase of the 
platelet counts appeared. The erythroeyte and leukocyte counts carried out 
simultaneously showed no effect of the injections on the number of these 
cells and showed furthermore no difference between the cell count after PE 
and CE injections. 


DISCUSSION 


With the AGC test and the elution technique described here, it was 
possible to demonstrate in the serum of patients suffering from idiopathic 
pancytopenia, granulocytopenia, and ITP a serum substance, which we desig- 
nated as an incomplete leukocyte or platelet antibody. Methodically, the 
investigations were carried out as described in the seetion “Material and 
Methods.” When working with blood cells as antigens another possibility 
of carrying out the AGC test consists in mixing the leukocytes or platelets 
after sensitization (incubation of 40 mg. lyophilized platelets or 15 meg. 
leukocytes in 4.0 ml. pathologic serum and control serum) and after several 
washings in their total amount in | tube with an antiglobulin serum of a 
dilution 6 full titer steps less than that just giving a + agglutination with 
sensitized erythrocytes. After exactly 3 minutes including centrifugation and 
consumption time, the supernatant antiglobulin serum must be carefully 
pipetted off the cell sediment. With 0.1 ml. of this supernatant an anti- 
vlobulin serum titration with the sensitized ervthroevtes can be carried out after 
the usual technique. The difference between the titration result of the 
pathologie serum and the control serum in titer steps is designated as the 
antiglobulin consumption of the pathologie serum. 

The characterization antibody seems to be confirmed by the following 
cited properties: a specific serologie reactivity for leukocytes or platelets 
could be proved in vitro. Investigations simultaneously performed with 
leukocytes and platelets as antigen showed that the antibody appearing in 
ITP sera reacted with platelets and did not react with leukocytes, while the 
antibody appearing in IGP sera reacted with leukoeytes and did not react 
with platelets. It was furthermore demonstrable that the antibody appear- 
ing in ITP sera could be absorbed by platelets and not by leukocytes, while 
the antibody appearing in IGP sera could be absorbed quantitatively by 
leukoeytes and not by platelets. The antibody linked specifically onto leuko- 
eytes or platelets could be eluted quantitatively from these cells by heating (56 
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('.) and could be demonstrated serologically in the eluates. An incubation of the 
antibody isolated in the eluates together with leukocytes or platelets as 
antigen resulted in a positive AGC test with leukocytes, when the antibody 
was isolated from an IGP serum, and a positive AGC test with platelets, 
when the antibody was isolated from an ITP serum. In further investiga- 
tions®? we were able to prove that the leukocyte or platelet antibody, having 
become purified by elution, emigrates electrophoretieally with its major part 
like y-globulin, while a small amount emigrated in a zone of B. annexed to 
the y-globulin zone. Immunoclectrophoretically the antibody is precipitated hv 
anti-y-globulin serum, while antialbumin, anti-a, and anti-B-globulin serum cause 
no precipitation. Ultraeentrifugal studies showed that the leukoeyvte and 
platelet antibody possess a S., of 7.0 to 7.5. 

In a further ¢lassifieation of these antibodies we designated them as 
autoantibodies. The autoantibody nature of these antibodies has been proved 
by the simultaneous performanee of the direct and indirect AGC test. Using 
the direet form as a supplement to the indirect form it was possible to demon- 
strate that platelet or leukoevte antibodies appear simultaneously in a cireu- 
lating form in the serum and in a ecell-bound form, being linked onto the 
surface of the platelets or leukocytes of the patient and sensitizing these 
cells without agglutinating them. These investigation results possess a certain 
parallelism to the results of the direet and indirect Coombs test in aequired 
hemolytie anemia. 

The direct form of the AGC test deteeted antibodies linked onto the 
surface of leukoeytes or platelets of the patient, which sensitized these cells 
but did not agglutinate them. Agglutination tests and the AGC test, simul- 
taneously performed, showed, in a certain number of eases,°° * negative re- 
sults of the leukocyte or platelet agglutination test and a positive result of 
the AGC test. The platelet or leukoeyte antibodies, isolated in our elution 
experiments, were able to sensitize in a renewed ineubation platelets or 
leukocytes of O, Rh positive donors but did not agglutinate them. These 
findings point to an incomplete antibody type. 

The consumption of antiglobulin antibodies is performed in the AGC 
test, after the antigen antibody reaction (for example, combination of platelets 
and platelet antibody) has taken place. The antigen antibody complex after 
the removal of nonspecific serum proteins by several washings is in reality 
the substanee which is investigated in regard to antiglobulin consumption. 
Assuming that antigen antibody complex consists of cells sensitized by an 
antibody, the globulin property of these antibodies should be wholly avail- 
able for a reaction with antiglobulin antibodies. Antibodies, being however 
in their major part fixed in the interior of the network of an antigen antibody 
complex, such as for example, an agglutinate, seem to be not easily available 
with all their globulin determinants for a reaction with antiglobulin antibodies. 
We believe, therefore, in evaluating the type of antibody, which in general is 
detected by the AGC test, that one should say that antiglobulin consumption 
will oceur with the globulin property of complete and incomplete antibodies, 
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but, as a result of the technical characteristics of the test, the AGC technique 
demonstrates especially in the case of blood eell antibodies an incomplete 
antibody type. 

In the course of our investigations we were able to make the following 
observations about the properties of these antibodies: complement must not 
necessarily exist for their reaction with leukocytes or platelets, sinee the 
AGC test can be aceomplished with inactivated sera too. On the contrary, 
an inhibiting substance seems to be present in fresh sera since the AGC re- 
sults become more distinet with 2- or 3-day-old sera than with freshly drawn 
sera. The serologie activity of the sera remains unchanged during several weeks’ 
storage in the refrigerator. The most favorable area of reactivity is present 
at 37° (2 An elution succeeds at a temperature of 56° C. as well into solu- 
tions of 0.9 to 4.0 per cent NaCl (2.0 to 4.0 per cent NaCl giving more 
satisfactory results) as into Veronal-Na and KH.LPO,-borax buffer of a pli 
ranging from 6.4 to &.8.  Dausset* confirms these observations and. states 
that these antibodies are not absorbable by BaSO, or Ca,(PO,) >. 

Transfusion experiments in human beings and animal experiments with 
injections of ITP or IGP serum proved that blood or serum of ITP or TGP 
patients causes a diminution of leukoeytes or platelets. The results of the 
animal experiments deseribed in this paper prove that a serologically demon- 
strable leukocyte or platelet antibody possesses, in a purified state, the prop- 
erty of diminishing quickly the leukocyte or platelet count of rabbits, and of 
causing a leukopenia or thrombopenia of several days’ continuanee, 

The specificity against platelets or leukocytes of this effect is proved both 
by the exclusive diminution of the cells which correspond serologically to the 
isolated antibody, as well as by the negative effect of the injection of con- 
trol eluates. 

Animal experiments of Miescher,? Moeschlin,® Pfeiffer,'’ and others prove 
that leukocytes and platelets of rabbits react with leukocyte or platelet anti- 
bodies of man and confirm the justification for the use of rabbit blood cells 
in our investigation. 

Whereas in animal experiments with isolated platelet antibodies a cell- 
diminishing effeet appeared exelusively, there appeared in the experiments 
with isolated leukocyte antibodies, together with the specifie cell-diminishing 
effect, a supplementary, nonspecific, leukoeyte-augmenting effeet in 2 ani- 
mals after ection of antibody eluates, as well as in 2 control animals. We 
believe that im these experiments a supplementary, nonspecifie factor was 
eluted from the surface or from the interior of the leukocytes similar to 
Menkin substances which seems to be responsible for the leukoeytotie effect 
of the eluates. 


The animal experiments show furthermore that the effect of the platelet 
antibody eluates had a quantitative character. The platelet-decreasing effect 
of an eluate (Case 2, a), prepared at the time of maximal thrombocytopenia, 
was very significant within 6 hours after injection and was followed by a 


thrombocytopenia in the animal lasting more than 4 days. In contrast to 
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this observation, an eluate of the same case (Case 2, b), prepared at the be- 
ginning of convalescence, showed a less indicative effect within the first 6 
hours and the following thrombocytopenia was normalized after 5 days. We 
believe that a difference in the amount of antibodies present in the original 
sera and in the corresponding eluates is responsible for these observations. 

A review of the relations between the appearance of the ¢linieal symp- 
toms of ITP or IGP and a positive result of the AGC test shows that the test 
vave positive results In 66 per cent of ITP, in 50 per cent of idiopathic pan- 
evtopenia and, depending on the severity of the illness, in 45 to 71 per cent 
of idiopathic granuloeytopenia. Sera of patients suffering from other dis- 
eases and especially so-called “labile sera’ as well as sera of healthy indi- 
viduals gave, in all instances, negative results of the AGC test with platelets 
and leukoevtes as antigen. The AGC test seems, therefore, to be a reliable 
method for the diagnosis of immunothrombopenia and immunogranulocyto- 
penia. in comparing the course of ITP or IGP with the results of several 
AGC tests, having been performed during longer periods of illness, 2 types 
of reaction patterns could be observed in general. In a certain number of 
cases the AGC test became negative together with a clinical improvement of 
the patient. Two eases may be mentioned as examples: (1) B. A., a female, 
IGP, October, 1958, AGC 4 titer steps, leukocytes 1,000; January, 1959, AGC 
test 2, leukocytes 2,400; April, 1959, AGC negative, leukoeytes 4,300. (2) 
W. LL. a male, ITP, Aug. 1, 1958, AGC 21., platelets 16,000; Aug. 29, 
N58, AGE 2, platelets 18,000; October, 1958, AGC 1, platelets 80,000; Decem- 
ber, 1958, AGC neewative. platelets 168.000 Other cases showed together 
with an undulating course of the illness and without a signifieant clinical im- 
provement sustained positive results of the AGC test. Two eases will again 
he mentioned as examples: (1) Z. H., a female, IGP, September, 1957, AGC 
2. leukocytes 2.200; January, 1958, AGC 5, leukoevtes 1.800; April, 1958, AGC 
» 


ya leukoeyvtes 2 YOO: September, 1958. AGC 2. leukocytes 2 200: December, 


1958, AGC 2. leukoeytes 1700; April, 1959, AGC 2, leukoeytes 2,100. (2) 
K. I. a male, ITP, August, 1956, AGC 2, platelets 30,000; December, 1956, 
AGC 11., platelets 45,000; January, 1957, AGC 21., platelets 45,000; October, 
1957, AGC 2, platelets 31,000; June, 1958, AGC 114, platelets 39,000; January, 
1959, AGC 3, platelets 30,000. 

In investigating sera of patients suffering from vascular purpura simul- 
taneously with platelets and blood vessel homogenizations as antigens, the 
findings indicated that a blood vessel antibody appears in eases of vaseular 
purpura and support the opinion that vascular purpura possesses an immuno- 
logical origin. Mieseher®® used the AGC test with leukocyte nuclei as antigen 
for the investigation of cases of lupus erythematosus and found a_ positive 
result in all eases investigated. Dausset"® sueeeeded in demonstrating with 
the AGC test the antigen D onto leukoeytes and platelets. Van Loghem** 
reported that the AGC test enables a differentiation between leukoeyte iso- 
antibodies and leukocyte autoantibodies, when using papain-treated leuko- 
eytes as antigen. Papain treatment shall abolish the antigenicity of leuko- 
eytes for isoantibodies, while their antigenicity for autoantibodies remains 
unchanged after papainization. 
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In coneluding the discussion we want to state that the experiments de- 
scribed regarded in their entirety prove with a high degree of probability 
that leukoeyte or platelet autoantibodies appearing in ITP or IGP possess a 
cell-diminishing effect. Therefore one should attribute to them a causal in- 
fluence on the pathogenesis of ITP and IGP, and autoaggression as an im- 
munopathogenetie principle ‘ appears to be responsible for the development 
of these diseases. We therefore use the collective term of autoaggressive dis- 
ease for them. From this immunopathogenetic principle we are beginning to 
know about the second stage: the existence of autoantibodies, their noxious 
influence on certain cells, their specific appearance in the blood of patients 
suffering from different diseases, which in common possess a still unknown 
pathogenesis, a chronic and undulating course with relapses of different se- 
verity caused by different and nonspecific stimulants. In aecordanee with 
our coneept of autoaggression®! it seems understandable that the nonspecific 
irritations of such different causes of relapses lead to a nonspecific stimula- 
tion of renewed autoantibody production (anamnestic response) which has 
already been introduced by earlier autosensitization. These causes of relapse 
appear therefore as nonspecific irritants of a hidden specific mechanism, the 
autoantibody produetion with consequent autoaggression. The first stage of 
this mechanism, the way of autoantigenization of cells by certain pernicious 
causes (influence of virus, bacteria, ete.) in man, the fate of these autoanti- 
gens, and the intensity and continuance of the development of autoantibodies 
following these autoantigenie stimuli remain still unknown. We believe. how- 
ever, that the investigation results about autoaggression obtained until now 
point on the one hand with likelihood to the existence of this immunopatho- 
genetic principle, and that they represent on the other hand a challenge to 
further research into its mechanism. 


SUMMARY 


l. The Antiglobulin Consumption test is deseribed. Results obtained 
with this technique are shown. One hundred thirty-five sera were investi- 
gated using leukocytes as antigen. Depending on the severity of illness 45 
to 71 per cent of the sera investigated of patients with idiopathie g@ranulo- 
ceytopenia and paneytopenia gave positive results, while sera of control pa- 
tients and healthy individuals gave negative results. 

2. Using platelets as antigen, we investigated 142 sera. Sixty-six per 
cent of the sera investigated of patients with idiopathie thrombopenie pur- 
pura gave positive results, while sera of control patients and of healthy indi- 
viduals gave negative results. In comparative investigations of sera of pa- 
tients with vascular purpura with platelets and blood vessel homogenizations 
as antigen the experiments with platelets gave negative results, whereas with 
blood vessel homogenizations in one-half of the sera investigated positive re- 
sults were obtained. 

3. An elution technique for the isolation of leukoeyte and platelet anti- 
bodies is described. The serologic investigation results of the cluates, proving 
the appearance of the antibody in the eluates, are recorded. 
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f Animal experiments are described in whieh antibody eluates were in- 
jected intravenously in rabbits. Depending on the cell specificity of the iso- 
lated antibodies, a significant diminution of leukoeytes or platelets took place 
followed by a thromboeyvtopenia or leukopenia lasting several days.  Injee- 
tions ef control eluates did not produce such effects. 

5. The serum factor responsible for a positive Antiglobulin Consumption 
test, elutable from cells onto which it has become linked specifically and re- 
sponsible for a cell-diminishing effect of the eluates in animal experiments, is 
characterized as a platelet or leukocyte autoantibody. Its significance for the 
development of thromboeytopenia and granulocytopenia, as well as auto- 


aggression as a pathogenetic principle, is discussed. 


REFERENCES 


1. Dausset, J., Nenna, A., and Breey, H.: Leucoagglutinins in Chronie Idiopathie or 
Symptomatic Paneytopenia, Blood 2: 696, 1954. 

2. Miescher, P., and Vanotti, A.: Leuco- et thrombopenie par “auto-anticorps,” Bull. 
Schweiz. Akad. med. Wissenseh. 10: S85. 1054. 

3. Moeschlin, S., and Wagner, K.: Agranulocytosis Due to the Oecurrenee of Leucocyte- 
Agglutinins, Acta hoemat. 8: 2O, 1952. 

t. Stefanini, M., Dameshek, W., Chatterjea, J., Adelson, E., and Mednikoff, I.: Observa 
tions on the Properties and Mechanism of Action of a Potent Platelet Agglutinin 
Detected in the Serum of Patients With Idiopathie Thrombocytopenie Purpura, 
Blood 8: 26, 1953. 

>. Tullis, ol... Surgenor, 1)., Bandawa, P.. and Wallach, D.: Comparative Studies on 
Leucoevte and Platelet Agglutinins, VIL. Int. Congr. Haematol, Rome, 195s. 

6. Stefanini, M., Plitman, G., Dameshek, W., Chatterjea, J... and Mednikoff, L: Anti 
genicity of Platelets and Evidence of Platelet Groups and Types in Man, J. 
LAB. & CLIN, Mep. 42: 723, 1953. 

7. Harrington, W., Minnieh, V., Hollingsworth, .J.. and Moore, C.: Demonstration of a 
Phromboevtopenic Factor in the Blood of Patients With Idiopathie Thromboeytie 
Purpura, J. LAs. & CLIN. MED. 38: 1, 1951. 


S. Moesechlin, S.: Immunological Granuloeyvtopenia and Agranuloeytosis, Sang 26: 32, 
1955. 

4. Kissmever-Nielsen, F.: Demonstration of a Thromboeytopenie and a Leucopenie 
Factor in the Blood of Patients With Thrombocytopenia and Leueopenia, Acta 


| 

haemat. 9: 337, 1953. 

lO. Pfeiffer, E. Fi: Die | 
16: GIS, 1956. 

11. Kistner, S., and Stefanini, M.: Studies on Platelets; an Experimental Study of the 
Development of Platelet Antibodies, J. LAB. & CLIN. Mep. 48: S47, 1956. 

12. Steffen, C.: Untersuchungen tiber das Vorkommen eines an Bindegewebszellen § sessil 
werdenden Antikérpers, Wien, Ztschr. inn, Med, 35: 422, 1954. 

13. Steffen, C.: Bericht tiber den Nachweis sessiler Antikérper an Gewebs- und Blutzellen 
durch Antihumanglobulinablenkung, Klin. Wehnsechr. 33: 154, 1955. 

14. Steffen, C., and Schindler, H.: Bericht tiber die Verwendung des Antihumanglobulin 
Ablenkungsversuches ‘tir den Nachweis eines Antileukoeyten-Antikérpers bei 
Agranulozytosen Miinchen. med. Welnsehr. 97: 469, 1955. 

15. Steffen, C.: Cherblick und weitere Untersuchungen tber Agranulozytosen und Leu 
kopenien mit positivem Leukozyten-Antikorperbefund, Wien. Ztsehr. inn, Med. 
37: 245, 1956. 

16. Steffen, C.: Untersuchungen iiber die Verwendung der Antihumanglobulin-Ablenkungs- 
methode zum Nachweis von Thrombozytenantikérpern, Wien. Ztsehr. inn, Med. 
36: 246, 1955. 

17. Steffen, C.: Weitere Untersuchungen und Uberblick tiber die verschiedenen immu- 
nologisch bedingten Formen der himorrhagischen Diathese, Wien. Ztschr. inn. 
Med. 37: 452, 1956. 

IS. Steffen, (., and Schindler, H.: Untersuchungen tiber die Eigenschatten einer im 
Serum von Polvarthritikern und von Patienten mit rheumatischer Endocarditis 
vorkommenden Substanz mit den Merkmalen eines gewebsspezifischen Anti- 
kérpers, Schweiz. Ztschr. Allg. Path. 18: 287, 1955. 


slinische Bedeutung des Problems der Autoantikérper, Medizinische 














STEFFEN | a Ms i. 
1 ry 96 


Polzer, K., and Steffen, C.: Weitere Untersuchungen iiber die klinische Verwertbarkeit des 
Antiglobulin-Konsumptionstestes bei rheumatischen Herzerkrankungen, IK lin. 
Wehnschr. 36: 211, 1958. 

Rissel, E., Steffen, C., and Wewalka, H.: Serumfaktoren mit) Gewebsantikorper 
eigenschaften bei Lebererkrankungen, Wien. Klin. Wehnsehr., 69: 885, 1957. 
Steffen, C., Tschabitscher, H., Wanko, T., and Schinko, H.: Bericht tiber die Verwen 
dung der AHG-Ablenkungsmethode bei Multipler Sklerose, Wien, Klin. Wehnsehr. 

67: 763, 1955. 

Dausset, J., Breev, M., and Evelin, J.: Test direet de consommation de Vantiglobuline 
et inagglutinabilité des leucocytes en cours de certaines leucopénies idiopathiques, 
Transactions VI, Europ. Congr. Haematology, 1957, 8. Narger, p. 775. 

Moulinier, J.: Le test de consommation ‘dantiglobuline appliqué & la recherche des 
anticorps anti-thrombocytes, Sang 26: S11, 1955. 

Butler, K., and Moesehlin, S.: The Antihumanglobulin-Consumption Test, Internat. 
Arch. Allergy 9: 222, 1956, 

Dausset, J. and srecy, H.: Test direet de consommation de l’antiglobuline sur les 
leucocytes et les plaquettes de certains malades atteints de pancytopénies idio- 
pathiques, Vox Sang 3: 197, 1958. 

Maupin, B., and Chary, R.: Présentation d’une nouvelle methode de separation de 
leucocytes et de plaquettes sanguines, Sang 23: 356, 1952. 

Steffen, C., and Rosak, M.: Untersuchungen iiber die opiimalen Bedingungen einet 
kiinstlichen Beladung von Erythrozyten mit inkompletten Antikérpern, Wien. 
Ztsehr. inn. Med. 36: 40, 1955. 

Miescher, P.: Mise en evidence du facteur LE par la réaction de consommation 
WVantiglobuline, Vox Sang 5: 116, 1955. 

Rejholee, V., Donner, L., and Repic Slechta, M.: Detection danticorps incomplets 
antileucocytaires, Ann, Inst. Pasteur 90: 703, 1956. 

Dausset, .J.: Antigenes et Anticorps Anti-plaquettes, VIL. Int. Congr. Haematol, 
Rome, 1958, 

Steffen, C., and Fessl, F.: Bericht tiber eine Absprengungsmethode fiir Gewebs 
Autoantikérper in) Verbindung mit dem Antiglobulin-Konsumptions-test, Vox 
Sang. 2: 43, 1957. 

Steffen, C.: Untersuchungen itiber Eigenschaften, Isolierung und pathogenetische 
Bedeutung von Autoantikérpern, Acta haemat. 20: 201, 1958. 

Mushett, ©., Reisner, E., Weiner, I... Nakashima, R., and Colett, ./.: Antirabbit 
Platelet and Red-Cell Factors in Normal Blood, .J. LAs. & CLIN. Mep. 42: 713, 19538. 

Steffen, C.: Das Problem der Autoaggression, Wien. Klin. Wehnsehr, 68: 865, 1956. 

Steffen, C., and Rosak, M.: Qualitative und quantitative Untersuchung isolierter 
inkompletter Thromboevten- bzw. Leukoevten-Autoantikérper, Wien. Ztsehr. inn. 
Med. 40: 41, 1959. 

Dausset, .|.: Les thrombo-anticorps, Extrait 3 Congres Int. VAllergologie, Paris, 
1958, p. 451. 

Van Loghem, J., Jr., Engelfriet, P., and van der Haart, M.: Les anticorps antileucocy 
taries, Transfusione del Sange 3: 1, 1958. 

Van Loghem, .J., .JIr., van der Haart, M., Hijmans, W., and Schuit, H.: The Incidence 
and Significance of Complete and Incomplete White Cell Antibodies With Special 

Reference to the Use of the Consumption Test, Vox Sang 3: 203, 1958, 














THE DISTRIBUTION OF CO>?-LABELED VITAMIN B,. IN THE RAT 
WITH FATTY METAMORPHOSIS AND 
CIRRHOSIS OF TILE LIVER 
Pach Hencer, M.D... Wavrer Henperson, B.S., Evererr Bowser, B.S., JouNn M. 
Levitsky, M.D., AND HlyMAN J. ZIMMERMAN, M.D. 
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HE cirrhotic liver has been found to contain a smaller amount of vitamin 

B,. than the normal liver,t while the plasma level of vitamin B,. in the eir- 
rhotie patient is elevated.?: It has been assumed that this abnormality is due 
to cell injury and to release of the cell content into the eireulation. This mecha- 
nism appears to be responsible for the high plasma levels of evanocobalamin in 
infectious and toxie hepatitis where extensive necrosis is characteristic. Necrosis 
is a minor feature of uneomplicated chronie nutritional cirrhosis. It is possible 
that the binding eapacity of the cirrhotie liver for vitamin B,, is diminished. 
This may lead to the utilization of other potential binding sites, such as the 
plasma and the kidney. 


The rat appeared to be a suitable experimental animal for the study of this 
problem. Experimental cirrhosis ean be produced regularly in the rat by 
dietary measures. Furthermore, the distribution of Co*°’-evanocobalamin in the 
normal rat has been studied extensively.4* The present investigation was de- 
signed to study the distribution of radioactive eyanocobalamin in the rat with 
fatty metamorphosis and cirrhosis of the liver. 


METHODS 


Several groups of approximately l-month-old Sprague-Dawley rats were maintained on 


> 


a high fat, low choline diet* consisting of 48 per cent glucose, 40 per cent lard, 5 per cent 
easein, 5 per cent salt mixture and a vitamin fortification mixture with the omission of 
choline chloride and inositol. The vitamin B,, content of the diet was 1.35 mg. per 100 


pounds. This high fat, low choline diet will be referred to as ‘‘HFLC diet.’’ 


There was an approximately equal number of control animals which were maintained 
on a normal rat diet (Purina Chow). Each animal received 1 subcutaneous injection of 
Co*s-eyanocobalamin (specific activity 0.3 to 0.5 we per meg.) at a dose of 1.3 meg. per 100 
Gm. of body weight. Following the injection, urine was collected for 48 hours. The 
schedule of the injections and the time of the subsequent sacrifice of the animals in each 


group was as follows: 


1. Fourteen animals received the injection on the thirty-eighth day of the experiment. 
Seven of these (Group A, Table | received the HFLC diet and the others received the 
control diet (Group B, Table I). They were killed on the fortieth day. 

From the Medical and Radioisotope Service, V. A. West Side Hospital, and the Depart- 
ments of Medicine, University of Illinois College of Medicine, and the Chicago Medical School. 
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2. Fourteen animals were injected on the twenty-sixth day of the diet and were 
sacrificed 14 days later. Half of this group (Group C, Table T) received the HFLC and the 
other half (Group D, Table 1) reeeived the normal diet. 

3. It had been planned to maintain 20 animals on the diet for 6 months; only 14 
animals survived. They received the injection of Co ~evanocobalamin 14 days prior to 
sacrifice (Group E, Table I). Twenty animals on a control diet (Group F, Table 1) were 
treated in the same fashion. One of these animals had died before the completion of the study. 

#. Sixteen rats from a different litter were used to study the Co S-evanocobalamin 
content of the liver and kidney, and also of the remaining carcass. Nine of these animals had 
received the HFLC diet for 5% months and 7 had received the normal diet. They were 
injected with Co S-cvanocobalamin 2 days before saerifiee. Following the injeetion, the 
urinary exeretion of Co%S-cyanocobalamin was measured in a 48 hour sample (Table ITI 

The animals were killed by a blunt blow to the head and were then dissected. In all 
animals the CooS-evanoeobalamin content was determined in the liver and kidney, and in the 
animals of Group IV this was also done in the remaining careass. The following method was 
used. 

The liver and the right kidney were removed, rinsed with physiologic saline, blotted dry, 
and weighed. \ sample from each organ was taken for histologic examination and one or 
more additional sections were placed in previously weighed 25 ml. volumetric flasks where 
the tissue was dissolved in concentrated KOIL solution. The entire flask was placed direetly 
on top of a scintillation well erystal, with adequate shielding. Sufficient counts were obtained 
to yield a standard deviation of +3 per cent or less for each count. 

The Coos-eyanocobalamin content of the liver and kidney was expressed (1) as per cent of 
the injeeted dose, (2) as millimicrograms per gram of tissue, and (3) as millimierograms per 
gvram of fat-free tissue in case of the liver. The fat content was determined by extracting 
and weighing the fat according to the method of Foleh, Lees, and Sloane Stanley. 

The urinary excretion of Co5s-vitamin B,, was determined by diluting the collected 
urine to 60 ml, removing a 3 mil. al quot, and comparing Its activity with that of a suitable 
standard in the seintillation well counter. 


All statistienl analyses were performed with the Student ‘*t*’ method. 


RESULTS 


The animals whieh received the HIFLC diet failed to gain weight as was 
expeeted (Fig. 1). By the fortieth day, all animals had developed severe fatty 
metamorphosis of the liver, with an average fat content of 28.7 per cent (Table 
1). The fat content of the liver of the control animals averaged 4.4 per cent. 
At 6 months, the HFLC-dieted animals had developed nutritional cirrhosis of 
varying severity with an average liver fat content of 7.4 per cent. 

In the animals whieh had reeeived the HFLC diet for 40 days, the per 
centage of administered Co®*-cyanocobalamin retained in the liver 2 days follow- 
ing injection (Table I, Group A) was approximately the same (5.2 per cent) as 
in the control animals (2.8 per eent) (Table I, Group B). Two weeks following 
the injection, however, the liver of the control animals contained, on the average, 
+.5 per cent ot the administered dose (Table I, Group 1). Durine the same 
period, the HE LC-dieted animals retained in the liver only 2.2 per cent of the 
dose (Table I, Group (). These differences were even greater when the Co’*- 
evanocobalamin content was not expressed as per cent of the administered dose, 

*This method of counting was found to be superior to the counting of small aliquots, as 
an increase of 154 per cent in the counting rate was obtained. This method also requires 
fewer calculations and eliminates pipetting. The counts were corrected for background and 


compared with the corrected counts of suitable standards prepared from an aliquot of the in- 
Jected stock solution. 








Ye HELLER ET AL. I. 1 X ( Med 











40 50 6 ; 60 90 160 iO i120 130 MO 150 160 170 160 


Fig. 1 Weight curve of rats on normal and HFLC diet 
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Fig. 2.—Co-cyanocobalamin concentration in liver and kidney, 2 days and 14 days following 
parenteral administration 
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but as actual content in mye per gram of liver tissue. There also was a sig- 


nificant difference between the Co’-cvanocobalamin eontent in the liver of the 
Hie LC-dieted animals 2 days and 14 days following injection (Fig. 2). The 
liver of the latter group of animals contained approximately 40 per eent less 
than the liver of the animals whieh were saerifieed on the second day. In the 
normal rat, however, the content of Co°’-evanocobalamin per gram of liver was 
approximately the same on the second as on the fourteenth day. 

In the rats which were maintained on the diet for 6 months and in the 
corresponding control animals, only the 14 day test was completed (Table 1, 
(iroups E and F). The percentage of the administered dose found in the liver 
Was insignificantly higher in the control than in the HkFLC-dieted animals. On 
the other hand, a statistically signifieant difference was present between the 
actual Co*-evanocobalamin concentration of the normal and the cirrhotie liver. 

It is of interest that in all control animals, the amount of Co*-cvanoco- 
hbalamin per gram of tissue was approximately the same, despite the marked 
change in body weight and in the size of the administered dose from the fortieth 
to the one hundred-eightieth day. It was considered possible that these figures 
indicated the existence of a state of saturation of the liver for vitamin B,.. This 
hypothesis was tested by injecting different amounts of Co*-vitamin B,. into 


healthy adult rats and measuring the labeled vitamin in the liver 2 days later 


Pable IL). The administered doses per 100 grams of body weight were 0.66, 
TABLE Il. DEPENDENCE OF CO®8S-CYANOCOBALAMIN CONTENT OF LIVER AND KIDNEY ON SIZI 
OF ADMINSTERED Dost 
IVER KIDNEY 

DOSE PER | NUMBEI MyuG PER URINE} 
100 GRAMS OF ANI PER CENT MEG GRAM PER CENT M BG PER CENT 
BODY WEIGH MALS DOSE PER GRAM — FAT-FREI POSH PER GRAM DOSE 
0.66 meg. 7 3.299+0.52 7.124+1.2 6.86+1.2 9.68+2.1 168 +40 33.8 + 15.0 
1.32 meg. 6 2.04+0.48 8.6741.7 8.352417 6.96+£1.0 IS+20 44.0+ 16.0 
2.64 meg. 6 1.51+0.65 11.30+4.6 10.88+4.6 4.458+0.9 27T8+47 63.6+11.0 


5.28 meg. r 0.95 +0.18 15.50+3.5 14.93243.5 2.76290.3 342230 68.7 + 8.8 


The data are expresse by means (+ standard deviation) 


1.32, 2.64, and 5.28 mee. Six or seven animals were in each group. While the 


hepatie uptake expressed as per cent of the administered dose diminished with 


the increase in this dose, the Co*-vitamin B,. content of the liver, expressed as 
mug per gram of liver, inereased in an almost linear fashion with successive 
inereases in the dose (Fig. 3). Saturation was not reached at the dose levels of 


the experiment. 

The Co®*-evanocobalamin concentration of the liver in the animals which 
had received the HFLC dict for 6 months (Table I, Group EF) was higher than 
in the younger animals with fatty metamorphosis (Table [, Group C). The 
difference was statistically significant (p<.01). This was also true when the 
values were caleulated as to express the Co**-vitamin B,. content per gram of 
fat-free tissue. The frankly cirrhotic liver, containing less than 10 per cent 
fat, had a greater binding eapacity for Co*-eyanocobalamin than the liver with 


severe fatty metamorphosis. 
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The difference in the evanoecobalamin binding capacity of the kidney be- 
tween the normal and the HFLC-dieted animal was as marked as in the case of 
the liver, but in the opposite direetion (Table I, Fig. 2). The lower the binding 
capacity of the liver, the greater was the apparent concentration of Co-cvanoco 
balamin in the renal parenchyma. The kidney of the HFLC-dieted animal, 
therefore, retained a larger amount of the vitamin than the normal. This was 
the case whether the values were expressed as per cent of the administered dose, 
or as Mpeg per gram of tissue, Most striking was the difference between the 


») 


2 2TOUpSs sacrificed 2 weeks followine injection. By that time, the kidneys ol 


the HIF LC-dieted animals retained approximately 3 times more than the norma! 


Rig. 2 
154 
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Fig. 3. Dose-hepatic concentration relationship of Co®-cyanocobalamin (see Table II) 


The sixteen rats of Group IV were given the HFLC diet for 514 months. At 
the end of this period, they were sacrificed 2 days following the injeetion of 
Co**-eyanocobalamin. It was planned to compare this group with animals of the 
same litter which were to receive the injection 14 days prior to saerifiee. Un- 
fortunately, for unknown reasons, the mortality of the latter group of animals 
was so high that no valid observations could be made. These 16 rats were then 
used for the determination of the Co**-vitamin B,. eontent of the liver and 
kidney and the remaining eareass. The figures for liver and kidney were similar 
to the previously deseribed group of cirrhotie animals (Table I, Group E) whieh 
were examined 14 days following the injected dose. In the remaining ¢areass, 
there was no differenee in the percentage of the retained labeled vitamin between 
the HFLC-dieted and control animals (Table IIL). In the eontrol animals, 
91.5 to 100 per cent of the administered dose could be accounted for by measure- 


ments of the Co**-eyanocobalamin in liver, kidney, the remaining careass, and 
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the urine. This percentage was lower in the HFLC-dieted animals, perhaps be- 
eause of the greater teehnieal diffieulties of urine eolleetion from the animals 
that had low urinary output. Beeause of this, the fieures for a low urinary 


output of Co**-evanoecobalamin in the animals on the ILFLC diet are uncertain. 


DISCUSSION 


The problem of distribution of Co°°-evanocobalamin in the normal rat has 
heen studied extensively.47 The concentration of the labeled vitamin in’ the 
liver inereases gradually within 2 to 3 weeks following injection, and = then 
reaches a plateau which is maintained for several weeks. In the kidney, how- 
ever, the maximal concentration oecurs on the second to fourth day following 
injection and declines rapidly. The rat belongs to a group of animals which 
has a higher content of vitamin B,. in the kidney than in the liver. 

The difference in the Co*’-evanocobalamin content between the liver of the 
malnourished animals 2 days and 2 weeks following the injection seems to indi- 
eate that the fatty liver loses the previously present Co°-evanoeobalamin, This 
may occur beeause of actual diminution of the number of cells, ie., eell necrosis. 
If this were the sole cause, the content of Co°*-evanocobalamin per gram of fat- 
free liver tissue should not markedly differ from the normal liver. This was 
the ease if the measurements were made 2 days following the injeetion, but 2 
weeks following the injection, the obtained values differed by more than a faetor 
of 2 (Table 1). This appears to indicate an actual defect in the evanocobalamin- 
binding capacity of the parenchymal cells of the animal on the hypolipotropie 
diet. It deserves emphasis that at the end of 40 days, no increased fibrosis was 
noted. Thus, it may he assumed that the weight of the liver following deduction 
of fat represented mainly cells. The diminution of the Co°*-evanoeobalamin 
eoncentration in the fully developed cirrhotic liver was not as marked as in the 
animals with fatty metamorphosis. 

The reciprocal relationship of the vitamin B,. binding capacity of the liver 
and kidney of the rat is an interesting phenomenon, the plivsiologic sigrificanee 
of which is a matter of speculation. It is possible that the binding capacity of 
the kidney remains latent and incompletely saturated when the binding capacity 
of the liver is normal. This additional binding capacity in the kidney may be 
utilized only when the liver is diseased and its storage capacity diminished. This 
also could partially explain the diminished Co*-evanocobalamin urinary exere- 


tion of the malnourished animals. It is also possible that biochemical alterations 


TABLE ITI. Recovery or CO5S8-VITAMIN B,, FRoM THE RATS TWo Days FOLLOWING INJECTION 


LIVER KIDNEY 
NUM- 
BER 4S HOUR TOTAL 
OF MUG MUG CARCASS URINE RECOVERY 
ANI- | PER CENT MUG PER GRAM) PER CENT PER PER CENT | PER CENT) PER CENT 
MALS DOSI PER GRAM. FAT FREE DOSE GRAM DOSE DOSE DOSE 
Dieted 9 2.16+0.68 5.02+1.9 5.68+2.1 19.00+1.0 221+21 18.78+2.1 37.60 + 14.077.54 + 14.0 
Control 7 1.69 + 0.44 7.88+2.4 8.26+2.6 13.7022.8 280+53 17.18+5.4 62.70 6.595.27+ 8.9 


The data are expresses 


by means (+ standard deviation) 
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in the animal reeeiving the hypolipotropie diet leads to the higher concentration 
of vitamin B,. in the kidney. It should be emphasized that there were no gross 
histologic abnormalities present in the kidney of these rats. The inereased 
(‘o*-B,. content of the kidneys of the dieted animals is not explained by a 
generalized retention of the vitamin. The recovery of Co’-B,. from the careass 
Was not significantly different in the 2 groups. 

The low urinary exeretion of Co*-evanoeobalamin in the cirrhotic rat is 
also of interest because of the confusing nature of the available data on vitamin 
B,. exeretion in the ecirrhotie patient. While Jones, Mills, and Capps’ found 
that the urinary exeretion of vitamin B,. is inereased (measured by micro- 
biologie assay), Baker and his associates? reported that the cirrhotic patient is 
unable to exerete a loading dose of vitamin B,. as well as the normal subjeet. 
The signifieanee of these apparently divergent results is not clear. Unfortu- 
nately, it is not. known whether the human kidney resembles the kidney of the 
rat with respect to the storage of the vitamin. By surface counting, over the 
left kidney, Meyer and his associates’? found high aetivity over the kidney, but 
it was still lower than over the liver. There were such wide variations in the 
normal and diseased subjects that the establishment of a definite pattern in dis- 


ease Was impossible. 


SUMMARY 


1. The distribution pattern of Co*-evanocobalamin, mainly in kidney and 
liver, has been studied in the normal rat and the rat with fatty metamorphosis 
and cirrhosis of the liver. 

2. The fatty and cirrhotic liver has been found to have a diminished binding 

capacity for Co*’-evanocobalamin. The data suggest that this binding capacity 
is more severely impaired in the fatty than in the cirrhotic liver. 
4. In the normal rat, the concentration of administered Co’*-evanoeobalamin 
in the liver increases gradually and reaches a maximum around the fourteenth 
day; in the fatty liver the concentration is smaller on the fourteenth than on 
the second day. 


4. The kidney of the animals with fatty metamorphosis and cirrhosis of the 
liver has been shown to have an inereased binding capacity for Co*-cyanoco- 
balamin. In the normal kidney, the Co ‘“-eyanoecobalamin concentration dimin- 
ishes between the second and fourteenth days following the administration of 
the labeled vitamin. In contrast, the kidney of the animal with fatty metamor- 
phosis of the liver maintains or increases its Co**-cvanocobalamin content during 
this period, 


5. It is suggested that the diminished binding eapacity of the damaged liver 
leads to the utilization of other potential binding sites for the vitamin, especially 
the kidney. 
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A STUDY OF CARBOHYDRATES IN HUMAN GALL BLADDER BILE 


Roperr B. Gites, Jr. M.D... Joe Ep Sarria, M.S... George Crow Ley, A.B., AND 
Myra Micuarn, A.B. 
DALLAS, TEXAS 


ee gall bladder bile contains a macromolecular complex of protein and 
bilirubin which is capable of binding considerable quantities of cholesterol 
in water solution.’ Such a eomplex may be of importance in the prevention 
of gallstones. The mucoid nature of gall bladder bile suggests that carbohydrate 
may be an important component, and furthermore, histochemical studies indicate 
that the mucous membrane of the gall bladder does indeed secrete a carbohydrate- 
containing protein.2 These studies were undertaken to: (1) quantitatively 
investigate the carbohydrate moity of gall bladder bile; (2) identify some of 
the earbohydrate components in bile; and (3) correlate such carbohydrates 


with the presence of gallstones. 


MATERIALS AND METILODS 


Human gall bladder contents were obtained by means of surgical procedures or by 
postmortem examination. Analyses were made of 28 normal gall bladder biles, of which 25 
were obtained by postmortem and 5 by aspiration during operation, Twenty-two biles from 


gall bladders with stones were analyzed, of which 4 were obtained by postmortem and 18 by 


surgical procedures. These specimens were preserved at -15° C. until analyzed. 


Chemical Mecthods.—Wexosamine concentrations were determined by the Boas modifica 
tion of the Elson-Morgan reaction. Optimum hydrolytic conditions with HCl were determined 
by varving the HC] concentration from 1 N to 6 N and the time from 1 to 24 hours. Maxi 
mum yield of hexosamine was obtained by hydrolyzing with 2 N HCl for 2 hours in a sealed 
glass tube at 100° C. The hydrolysate was passed through a Dowex 50 100) mesh on 
exchange column, washed with water, and the hexosamine eluted with 2 N HCl. Hydrolysis 
With Dowex 50 ion exchange resin as described by Paulson and Deatheraget under various 
conditions of acid concentration and time did not give as high a yield as that obtained wit! 
2N HCl. 

Neutral sugar concentrations were determined by hydrolyzing with 2 N HCl for 2 hours 
in a sealed glass tube at 100° C., separation of the neutral sugars in the water wash from 
the Dowex 50 ion exchange column as used above, and a alysis by the Anthrone procedure.‘ 
The optimum hydrolytic conditions were identieal with those for hexosamines. 

Nitrogen concentrations were measured by the micro-Kjeldahl method.* Protein nitrogen 
and nonprotein nitrogen concentrations were determined in the precipitate and supernatant 
after fractionation by sodium tungstate, by zine sulfate, by 10 per cent tricholorcacetic 
acid, and by 95 per cent ethanol.? Total nitrogen coneentrations of the gall bladder fluid 
were also measured directly. Precipitable hexosamine and neutral sugar concentrations were 
determined after simple fractionation by the above methods. 
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Hexosamines were tentatively identified by ion exchange chromatography on a 35 « 0.9 
em. Dowex 50 100 mesh ion exchange ceolumn,s eluting with 0.38 N HCl. Neutral sugars 
were paper chromatographed in 3 solvent) systems®: | butanol:ethanol:water (3:2:1 


deseending on Whatman No. 54. 2 etl vl acetate rncetie acid:water atkia ascending, and 


3 butanol: pyridine: water 6:4:3 ascending on Whatman No. 1. The papers were 
developed by either ammoniaeal silver nitrate or aniline phthalate. Ifexuronie acid concen 
trations were estimated by the naphthoresoreinol method,!? and bilirubin by the Malloy and 


Kvelyn method. 
RESULTS 

The concentrations of hexosamine, hexose, and nitrogen were signifieantly 
lower in the stone group as compared to the normal group (Tables [ and IL). 
Biles No. 25 and No. 25 in the stone group (Table IL), which were somewhat 
elevated in concentration of these carbohydrates, were from patients with eystie 
duet obstruction and hydrops of the gall bladder. These biles, in distinetion 
from normal biles with comparable carbohydrate levels, lacked viscosity, sug- 
gesting that the carbohydrate complexes were of a different nature. The ratio 
of hexosamine to hexose concentration did not vary significantly between the 
normal and abnormal groups and indieated that there was 1 mole of hexosamine 


to 5 of hexose. The ratio of hexosamine to total nitrowen eoneentration also 


TABLE IT. ANALYTICAL RESULTS OF BILES From NorMAL GALL BLADDERS 


RACH HEXOSA 
OR MINI HEXOSI TOTAI URONIC 
BILE NATION MG. % + MG. YF + NITROGEN BILIRUBIN ACTD 
NUMBER AGI ALITY SEX SI SI MG. % MG. % MG. % 
] 131 +3 390 + 15 S30 
2 192 +3 D05 + 25 1,100 
165 +7 146+] 790 
D 24725 600 + 20 1.390 1,420 360 
6 158 +3 163 +1 1.260 154 -60 
S D0 N K 132 +2 625+ 10 rares 
q 59 LA M 230 + 1 650+ 1 132 
10 70 W M eyee LOO +5 S66 
1] tS WW Kr 64+ 3 137 +1 764 1,968 620 
12 16 \ EF 1822 $440 +3 Do 1,440 1,010 
16 100+ 1] 2aa22 
21 16 N | 174+2 D40 + 1 ? 360 resys) 
Ze 78 \ | 64+ 1 162 >} 153 
26 28 W M 11IS+4 Sas 2] 112 
27 31 \W M S7+4 288 + 12 = 
30 $1 N M 150 +3 235 +5 S 5S 
33 63 W M ia 7 195 +2 OH 28 
36 Ss W k 136 + 2 647 +7 
at 52 N M 148+8 875: +10 656 Sao 
38 30 W M 19+1 198 + 1 
“nOt 60 W M I38+8 100+ 30 696 880 
10) 36 \\ 2 166+10 1,097 +1 
2G 65 N KF 1000+10 2500+ 10 1,032 
34 4 W I 370 +2 1,200 +2 ISS 370 
30 l N I 44+5 155 * 108 160 
$2} 69 +1 122 +2 150 
$44 60 W M lIsl+4 168 +4 73 
557 82 N > 313 +1] 390 + 1 
Mean+SkE 182 + 351 POH+tSY} RY 
Ratio hexosamine /hexose 0.34 Hexosamine/N = 0.22. 


*Latin American. 
‘Obtained at operation 
These compared with stone biles are accompanied by a probability p = < .0001. 
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PABLE II ANALYTICAL RESULTS OF BILES FROM DISEASED GALL BLADDERS 
RACH 
OR HEXOSA rovTal 
BILE NA MINI HEXOSI NITRO URONI 
NUM rION r'YPE OF MG. % MG. % GEN BILIRUBIN ACID 
BER AGI ALITY SEX STON I Sh TSI MG. &% MG. &% MG. % 
} Pigment 17 +1 L371 10) 280 107 
i 86 N M Pigment 33 +1 110+15 cant 
13 69 W KF Pigment l1l+1 2525 115 
14 6S N kK Pigment IS+1] 60+8 229 0) 105 
17 76 LAt ik Cholesterol 2423 78+8 i) 0 0 
IS s N KF Cholesterol 12+3 103 +1 12 15S 
19 36 W Fo Mixed 1l6+4 370+8 yoy 
20 De W Kk Mixed 11+] 90+ 15 130 
23 25 N KF Mixed 815 +3 396 + 1 5 4 0.1 1D 
24 1 W F Mixed a2) 92 + 1 1X2 
25 1 N i Mixed jor 284+ 4 DIZ 0 0 
28 15 N M Pigment ot + | 32 +1 
31 60 W M Mixed 9+] 164+ 10 0) 0) 
oo 22 W i Mixed a7 =5 150+ 10 
+] 61 W M Mixed 2324 305 +9 
16 24 N Kk Cholesterol 17+3 145+4 379 
17 ty" \\ ir Mixed 24+3 85+5 644 
1S tS W Kk Cholesterol 19+1 11522 259 
19 32 \W ik Mixed 69 +4 132 +1 693 
50 65 N I Mixed $4+ 1] 397 + 4 
y1 70 W FF Mixed 93 + ] 269 +5 615 
ay5) 29 W KF Cholesterol 30+ 1 SO+1] p42 
Mean +Sk S2+11% 166+ 28} 115 
Ratio hexosamine/hexose 0.31. Hexosamine/N 0.12. 
*Portmortem specimens. 
7Latin American. 
tThese, compared with normal biles, are accompanied by a probability p .0001. 


appeared to be fairly constant amone the 
obtained from the common bile duet 
SE of 12 + 


hiles. 


An analysis of the 


of females 


in 


the stone 


age, 


eroup. 


) 


Examination 


= groups. 


ot 


Analysis of several biles 


however, 


revealed a mean hexosamine coneentration 
7 mg. per cent, significantly lower than that observed in gall bladder 


sex, and race differenees revealed a larger pereentage 
the data, 
that sex distributions could not explain these analytie differences. 


revealed 


kurther- 








more, on comparing the data from surgical and autopsy specimens in each 
group, it did not seem likely that the differences could be the result of post- 


mortem changes. 


TABLE ILI. HEXOSAMINE CHROMATOGRAPHY 
NORMAL BILES STONE BILES 
BILE GLUCOSAMINE: BILE GLUCOSAMINE: 
NUMBER GALACTOSAMINE NUMBER GALACTOSAMINI 

11 5.4 17 1.1 
21 2.6 18 28 
26 2.5 aa 2.0 
29 1.4 23 2.7 
29 25 25 3.7 
36 ee 3.07 
37 t.] 
40 4.4 

renee 

3.27 
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Preliminary identification of the hexosamines by ion exchanges echroma- 
tography revealed that both glucosamine and galactosamine were present in a 
ratio of approximately 3 to 1 in both the normal and stone groups (Table II, 
ig. 1) 

Paper chromatography of the neutral sugars suggests the presence of 
relatively large amounts ef galactose and smaller amounts of glucose, arabinose, 
fueose, and ribose (Figs. 2 and 3). Hexuronie aeid, probably glueuronie, 
seemed also to be present on these chromatograms. (Chromatography before and 


after dialysis revealed that the major dialyzable hexose was glucose. 
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Fig. 1.- Chromatogram for hexosamines. Chromatographed on Dowex 50 (| 100 mesh) 0.9 X 


» em. column, Each fraction represents 1.5 ml. of eluent. 


Hexuronie acid concentrations in a number of biles from both groups did 
not correlate with the hexosamine, hexose, or nitrogen concentrations, suggesting 
that the hexuronie acid was not part of the carbohydrate complex. There was, 
however, a fairly good correlation between hexuronie acid and bilirubin eon- 
centrations in these biles. Chromatography of several biles before and after 
dialysis revealed that the major portion of the uronic acid was nondialyzable 
(see Fig. 3). The amount of hexuronie acid dialyzable in 3 normal biles 
ranged from 30 to 60 per cent, averaging 40 per cent. 

Preliminary observations of some of the physieal and chemical properties 
of these carbohydrates in bile revealed that negligible amounts of hexosamine, 
20 per cent of the hexoses, and 40 per cent of the nitrogen were dialyzable 

Table IV). Ethanol, sodium tungstate, zine sulfate, and trichloroacetic acid 
precipitated widely varying amounts of hexosamine and nitrogen, which suggests 
that the carbohydrate moity and the major portion of the nitrogen or protein 
are only loosely bound if at all. 
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TabLe LV. PRecIPITABLE NITROGEN AND HEXOSAMINE OF SIX NORMAL BILES 
Y NITROGEN Yo UEXOSAMINI Y WEXOSH 
METHOD PRECIPITABLI PRECIPITABLI PRECIPITABLI 
Zine sulfate S] tS 
Sodium tungstate 38 14 
10% trichloroacetic acid aa) a7 
95% ethanol (10 3S 9] 74 
Y% nitrogen yy hexosamine “ eNOSC 
nondialyzable nondialyzable wondialyzable 
Dinlvsis (2 61 O6 x0) 
*The numbers in parentheses indicate the number of biles studied 
\ | 
ed 
7” ~~ 
’ 
Butanol:Pyridine: Water 

Fig. 2 Chromatogram for neutral sugars Whatman No. 1 paper with 3 ascending 

developments, stained with ammoniacal silver nitrate. The spots reading from bottom to top 

re ST, standard galatose glucos arabinose ind mannose (Cone spot), fucose ind ribose 


(one spot); 21d and 387d, relatively large amounts of galatose with small amounts of glucose 
can be identified. The samples labeled d were dialyzed 


The quantitative importance of these carbohydrates in bile is emphasized 
by the observation that in one bile, No. 29, hexosamine constituted 4 per cent, 
and neutral sugars 11 per cent, or a total of 15 per cent of the total dry weight 
(Table V). Furthermore, if one assumes that all the nondialyzable nitrogen 
represents protein, normal biles have a mean protein content of 3.1 Gm. per cent 
of which the total carbohydrates, excluding hexuronie acid, represents 18 per 
cent of the sum of the protein and carbohydrate. 

Histologic observations of the mucosa revealed that in general when the 
hexosamine concentration of the gall bladder fluid was low, the mucous membrane 


was denuded or markedly diseased as would be expected were the carbohydrates 
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\ 1 
TABLE V. RELATIVE AMOUNTS OF CARBOHYDRATE IN GALL BLADDER BILE 
Bile No. PY: hexosamine 4 hexose LAG of total dry weight 
Normal biles: Mean (total protein 3.10 Gm. % 
Menn hexosumine + hexose 70 Gm. &F 
Total 3.80 Giam. &% 
Hexosamine + hexose 1Isg ot Total 
*Calculated from mean nondialyzable nitrogen (60° of 828 mg. % X 6.25). 


seereted by the mucous membrane. One bile, No. 53, however, obtained from a 
gall bladder with histologically normal mucous membrane had a low hexosamine 
concentration and a solitary stone, 

Finally, analyses of several stones of both pigment and cholesterol types 


revealed only small amounts of hexosamine or neutral sugar. Five cholesterol 


; * 


| 
5 ST 36d 36 ST 
Ethyl acetate: Acetic acid: Water 
3:1:3 


Fig. 3 Chromatogram for neutral sugars Whatman No. 1 paper with 4 ascending 
levelopments, stained with ammoniacal silver nitrate The spots reading from bottom to top 
ire ST, galactose and glucose (one spot), mannose, arabinose, fucose, ribose: 5, 86d, and 
i6, arabinose, fucose, and ribose may be identified The uppermost spot in 386d and 86 has 
the same Rf as glucuronolactone. The samples labeled d were dialyzed. 


stones had a mean hexosamine concentration of 0.013 Gm. per cent dry weight 
While 3 pigment stones had a mean hexosamine concentration of 0.42 Gm. per 
cent dry weight. 


DISCUSSION 


Although the gall bladder mucous membrane may inerease the viseosity of 
bile by cencentrating processes, it also apparently seeretes substanees which 
may contribute to the viscosity. Verschure’ has demonstrated that a lipo- 
protein is secreted by the gall bladder, while other investigators? have demon- 
strated by histochemical methods that carbohydrate substances are also secreted. 
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The lipoprotein seems to be of importance in stabilizing bile colloids, a role 
which the earbohydrate substanees, if part of the lipoprotein complex, may also 
play. The possibility, however, that a mucoprotein may be a causative factor 
in gallstone formation has a very sound analogy in kidney stone formation, be- 
cause a urinary glycoprotein containing hexosamine apparently forms the nidus 
for kidney stones.** 

The observations presented here verily the histochemical evidenee for 
earbohydrates in gall bladder bile, and furthermore emphasize the quantitative 
importance of these substances. These earbohydrates, exclusive of uronie acid, 
may constitute more than 15 per cent of the total solids of gall bladder bile. 

The differenee between the carbohydrate coneentrations of biles from 
normal and pathologie gall bladders is signifieant statistically. The reduced 
concentrations of earbohydrate observed in biles from pathologie gall bladders 
may be only the result of destruction or disease of the mucous membrane, al- 
though at least 1 bile with a low hexosamine concentration and a stone was ob- 
tained from a gall bladder that was histologically normal. Whether such reduced 
concentrations play any role in the pathogenesis of gallstones has not been 
established. 

Several of the carbohydrates present in gall bladder bile have been tenta- 
tively identified by chromatographie procedures. Both glucosamine and galac- 
tosamine are present in ratios of 3 to 1. No difference in this ratio was noted 
among the normal or pathologie biles. The predominant neutral sugar was 
galactose with smaller amounts of glucose, arabinose, fucose, and ribose. There 
were approximately 3 moles of these neutral sugars to 1 mole of hexosamine in 
both the normal and pathologie biles. The correlation between the coneentra- 
tions of these neutral sugars and hexosamines and some of their chemieal prop- 
erties suggests that they are bound together as a carbohydrate complex, prob- 
ably with a small amount of protein. The relative behavior of these carbo- 
hydrates and the nitrogen with various protein-precipitating agents indicates 
that the greater part of the bile proteins are not part of the carbohydrate 
complex. Further studies are necessary to establish how much the biliary 
proteins are involved in this carbohydrate complex. 


SUMMARY 


A carbohydrate complex found in human gall bladder bile contains pre- 
dominantly glucosamine, galactosamine, and galactose with smaller amounts of 
glucose, arabinose, fucose, and ribose, and probably also contains some protein. 
This complex is apparently secreted by the gall bladder mucosa. It appears to 
be diminished in quantity in most gall bladders containing stones. Decreased 
concentrations of this complex may be merely a result of diseased gall bladder 
mucous membrane; but whether this complex contributes in any way to the 
stability of saturated gall bladder bile or has any role in the prevention, or 
cause, of gallstones, has not been established. 


We are indebted to Drs. Ben Wilson and G. T. Shires and other members of the 


Departments of Surgery and Pathology for procuring many of these specimens, 
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LABELING OF ANTIBODY AGAINST THE EHRLICH MOUSE 
ASCITES CARCINOMA WITEE TRITIUM CH 
Po. Rasam, Pu.D., AND ANNE-LOUISE -JACKSON, MLS. 
ANN Arbor, MICH. 


ECENT developments in counting and labeling techniques have resulted in 
R a considerable increase of interest in the potentialities of tritium (11’) as 
a biologie label. Chen! and also Vauehn, Steinberg, and Logan? have investi- 
vated several problems associated with liquid seintillation counting of this 
isotope in biologie fluids and compounds. A major impetus in, the field) has 
heen the simple method of tritium labeling developed by Wilzbach,’ whieh has 
heen applied to a number of biologie materials, including enzymes,’ and which 
results ina relatively random exchange with labile hydrogens of the molecule 
undergoing labeling. After eareful purification, tritiated compounds of rela 
tively high specifie activity are obtained. 

The sueeesstul labeling of Ivsozyme and ribonuclease? by this method sue 
gests that complex biologie molecules of other kinds, for example, antibodies, 
may be labeled in this manner. Antibodies labeled with tritium may be effee- 
tively utilized in several areas of immunology, particularly those involving 
determination of localization in vivo of antigens and antibodies. Promise of 
utility in the latter area depends, in part, on the remarkable suitability of 
tritium as a label in radioautographie work, beeause of the short track of the 
B-radiation of this isotope on photographie emulsions. This report deseribes 
the preparation of tritiated tumor antibody by the Wilzbaech method, and a 
study of some of the properties of the labeled antibody. 


MATERIALS AND METITODS 


Preparation and Fractionation of Immune Scrum.—Seven rabbits were immunized, 
using progressively increasing doses of washed suspension of Ehrlich mouse ascites tumor cells. 
Details of collection and washing of tumor cells, together with details of the immunization 
method, have heen reported previously. Pooled antisera were fractionated hy the cold-ethanol 
procedure of Deutsch? to vield the y.-globulin fraction, which was dialyzed against distilled 
water and stored in the lyophilized form. Unless further purified, y.-globulin prepared in this 
way carried appreciable contamination due to varying amounts of material resembling 


globulin. The total fraction will be referred to as whole y.-globulin. 


Tritiation of Whole y.-Globulin.—One hundred milligrams of the lvophilized material 
was dissolved in 20 ml. of 0.85 per cent sodium chloride solution, and centrifuged to remove 


traces of insoluble material. The solution was exposed, under reduced pressure, to the action 


of 2 to 5 curies of earrier-free tritium gas* for 48 to 72 hours at 5° C. After exposure, the 
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tritiated sample was lyophilized to remove tritiated water and labile tritium. The dry mate 
rial was dissolved in water, and dialyzed for 48 hours against distilled water. Insoluble 


material was removed by centrifugation, and the solution was lyophilized. 


Anion Exchange Chromatography. Labeled and unlabeled whole vlobulin sumples were 
characterized by gradient elution chromatography, after the method of Sober, Gutter, Wyckoff, 
und Peterson, using diethvlaminoetlivl DEAK) cellulose Brown Company, Berlin, New 
Hampshire). A 2.5 by 20 em. celiulose column, equilibrated with 0.005 M (pH 7.0 phosphate 
buffer, was used. Aqueous globulin samples of 75 to 100 mg. were dialyzed against this buffe 
for 24 to 48 hours, and applied to the column in a 10 ml. volume. Gradient elution was 
carried out in a 200 ml. mixing chamber. The following series of eluants were used: | 
0.005 M phosphate buffer, pll 7.0, 125 ml.; (2) 0.02 M phosphate buffer, pH 6.0, 200 mi. ; 

3) 0.05 M monobasic sodium phosphate, pil 4.6, 250 ml.; t) 0.05 M monobasie sodium 


phosphate sodium ¢hloride, pil $.6, 250 mil.: and 5 1M approximately sodium chloride, 


200 ml. The average flow rate was 20 ml. per hour, 
Estimation of Total Protein in Chromatography Eluates.—Protein concentration wa 
estimated by ultraviolet absorption speetrophotometry at 280 mu. Results were intermittently 


cheeked by a modification of the colorimetric method of Folin 


Electrophoretic Characterization.—The composition of whole labeled and unlabeled 
globulins, and of chromatography eluates, was examined by paper strip electrophoresis. 
Samples were dissolved in, or dialyzed against, 0.85 per cent sodium chloride solution before 
use at an approximate concentration of 10 mg. per ml In the case of chromatography ¢ 
eluates, concentration to this value was performed by dialysis against lo per cent polyvinyl 
pyrrolidone, Ten lambda portions were applied to individual paper strips (S and S 470 
with a wire loop applicator, and electrophoresis was carried out in a Durrum type electro 
phoresis cell (Spineo Model R, Series ID) in Veronal buffer (pill 8.6, ionie strength 0.075), at 
room temperature, A current of 20 milliamperes was applied for 18 hours, the strips dried 
at 120° C., and were stained with 0.1 per cent bromophenol blue in methanol; exeess stain 
was removed with 5 per cent acetic acid, and the color was developed with ammonia, Electro 


phoretic patterns were recorded with an automatic integrator-densitometer (Spinco Analytrol, 


Model RB 


I Itracentrifuagal Charactcrization. The COMpOsition ot whole labeled and unlabeled 
globulins was examined by ultracentrifugation in a Spinco ultracentrifuge (Model E 
Samples were centrifuged at 59,780 rpm. at 20° C., at an approximate concentration of 10 


mg. per ml. (in O.15 M sodium chloride), for 90 minutes. 


Estimation of Combining Activity — Combining activity was measured by the quantitative 
D0 per cent) complement fixation test,!0 using washed suspensions of Ehrlich mouse ascites 
carcinoma cells as the test antigen. Hemolysis was measured spectrophotometrically. Com 
bining activity was determined for untritiated whole globulin, tritiated whole globulin, and 
peak 5 (sodium chloride) eluates by the customary doubling dilution method of assay, and 
the end point expressed as the highest dilution exhibiting a signfieantly lower optical density 
than the (50 per cent hemolys control. The whole globulins were dissolved for assay at a 
concentration of 10 mg. per ml, in 0.85 per cent sodium chloride solution, containing 0.20 
per cent magnesium sulfate (Mg saline). The peak 5 eluates were concentrated down to 10 
mg. per ml. and then dialyzed against Mg saline, at constant volume, before use. Samples 
from peaks 1, 2, 3, and 4 did not contain sufficient protein to permit concentration to 10 mg. 
per ml., and thus could not be assayed by the doubling dilution method used above. Instead, 
samples from these peaks were dialyzed, at constant volume, against Mg saline, and 0.2 ml. of 
each was used without concentration and without serial dilution, in a single-tube assay. The 
other reagents were the same as in the serial dilution test. After lysis, the optical density of 
the supernate was compared with optical density values on a standard hemolysis curve ranging 
from 0 to 50 per cent hemolysis, and finally expressed as per cent hemolysis. Since the 


control (no antibody added) was adjusted to result in 50 per cent hemolysis, the latter value, 
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if obtained with an eluate sample, indicated an absence of antibody activity in that sample. 
It should be noted that these per cent hemolysis values are not directly comparable to th 
results of serial dilution tests. In addition, the relative antibody content of peaks 1, 2, 3, 


and 4 cannot be direetly compared, the per cent hemolysis values serving essentially as 


indicators of the presence Ol absence of combining activity. 


In Vivo Hlalt Life of Tritiated Globulin. Three male rabbits, ( 


were intravenously injected with 15 mg. whole tritiated globulin in a volume of 1.0 ml. 


f similar body weight, 


After a 15 minute equilibration period, 2 ml. blood samples were withdrawn from = each 
f labeled 


globulin, and also on the eighth and twelfth days. Samples were allowed to clot, and the 


animal; samples were also taken every day for 5 days following administration ¢ 


centrifuged serum was used for estimation of residual tritium radioactivity. As a partial 
control on the rate of removal of tritiated water (formed by exchange with the labeled 
globulin administered), 1.0 ml. of tritiated water was injected intravenously into rabbits, and 
residual tritium radioactivity was estimated over a 4 day period, as before, except that 0.5 


ml. of whole blood was withdrawn for counting. 


Estimation of Tritium Radioactivity.—In the ease of whole labeled globulin, samples 
were weighed into counting vials, and 1.9 ml. of Hyamine solution (hydroxide form, in 
methanol-toluene)11 added. When serum was to be counted, 0.2 ml. portions of serum were 
placed in counting vials, and dried in vacuo over phosphorus pentoxide for 48 hours, after 
which Hyamine solution was added. Suspensions in Hyamine solution were incubated in the 
sealed vials, overnight at 40° C. to 45° C., after which time all solid material dissolved. Nine 
milliliters of a toluene solution of phosphor and spectrum shifter!2 was added, the contents 
mixed, and counts per minute counted on a Packard Tri-Carb liquid scintillation counter. 
Quenching effects of Hyamine, and of protein in individual samples, were estimated by the 


use of standard tritiated toluene (New England Nuclear Corporation NES-4) and corrected 
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Fig. 1.—Paper electrophoresis patterns of whole (once fractionated) y2-globulin fractions, 
and of chromatography eluates, before and following tritiation. A, whole globulin; B, chro- 
matography eluate, peak 1; C, peak 2; D, peak 3: E, peak 4; F, peak 5. 
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results expressed as disintegrations per minute. Specific activities were expressed as milli- 
curies per gram protein. When chromatography eluates were to be counted, 0.5 ml. of aqueous 
sample was directly mixed with 1.0 ml. of Hyamine solution, and 3.0 ml. methanol, 5.5 ml. 
of phosphor-spectrum shifter were then added. Subsequent procedures were as before; 


corrections were made for the additional quenching effects of excess methanol. 


RESULTS 
Following tritiation, and subsequent lvophilization, the solid labeled 
globulin was partially insoluble in 0.85 per cent sodium chloride solution. The 
insoluble fraction amounted to between 10 and 15 per cent, by weight, of the 
original material. After removal of the insoluble fraction, and relyvophilization, 
the resulting powder retained the ability to dissolve completely in dilute salt 
solution. Soluble fractions (whole labeled globulin) had specific activities of 
between | and 10 me. per Gm., depending on the amount of radioactivity used, 

and the duration of the labeling procedure. 
Whole unlabeled 


immune serum, usually contained varying amounts of a material resembling 


yo-globulin, as prepared by a single fractionation from 


Y1 elobulin, as evidenced by the results of Paper electrophoresis (Fie ao For 


convenience, this material will be referred to as y,-globulin, although its solu- 
bility and cleetrophoretie mobility are intermediated between ys- and y-globulin. 
Ultracentrifugation patterns also showed the presence of a major component, 














Fig. 2.—Ultracentrifuge patterns of whole (once fractionated) yo-globulin fractions, be- 
fore and following tritiation. Spinco Model E, 20° C., 59,780 r.p.m. A, Zero time; B, 30 min- 
utes; C, 60 minutes; D, 90 minutes; upper picture = unlabeled globulin; lower picture 


labeled globulin. 
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with a faster moving minor component (Fig. 2). The combining activity of 
antibodies present in whole unlabeled globulin, when expressed as a doubling- 
dilution titer, was 1:1,280. The properties of whole labeled globulin’ were 
similar, but not identical. Complement fixation titers were unchanged, within 
the limits of this test, and paper electrophoresis vielded essentially the same 
results, indieating the presence of both y.- and y,-globulins (Fig. 1). Ultra- 


centrifugation patterns, however, showed the existence of not only the original 


components, but also ot a third, slower moving component Iie. 2 
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kis , Anion exchange chromatography subfractionation of unlabeled whole +.-globu 
lin. Ciradient elutic on DEAE cellulose Roman numerals represent points of eluant applica 
tion, peak numbers ¢ through 45, in order of emergence, Solid line refers to protein elution 
(OO, D. 280 ma): bars refer to combining activity (per cent hemolysis) Peak 5 gave no titer 


in a sé€rial dilution complement fixation test 
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. Fig. 4 Anion exchange chromatography: subfractionation of labeled whole y2-globulin 
Gradient elution on DEAE cellulose. Roman numerals represent points of eluant application, 
peak numbers / through 5, in order of emergence Solid line refers to protein elution (O. D 
280 mu) bars refer to combining activity (per cent hemolysis). Peak 5 titered at 1:640 in 


a serial dilution complement fixation test 
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Anion exchange chromatography of whole unlabeled globulin resulted im 
separation into 5 major peaks (Fig. 3). When combined eluates corresponding 


to the different peaks were characterized by paper electrophoresis, it was found 
that peaks 1, 2, and 3 contained y.-globulin only (11, 20, and 24 per cent, re 


spectively, of original load), while peaks 4 and 5 contained y,-globulin’ only 
21 and 17 per cent, respectively). y.-globulin fractions showed a gradual 
increase in clectrophoretic mobility from peak 1 through peak 3 hie. 1). Anti- 
body combining activity was present in eluates corresponding to peaks 1 and 2, 


and to a lesser extent, to peak 3; essentially no activity was present in eluates 


corresponding to peaks 4 and 5. 
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Fig. 5 Subfractionation of whole labeled yo-globulin on DEAK cellulose: relative elu- 
tion of protein and tritium radioactivity Gradient elution Roman numerals represent points 
of eluant application, peak numbers 7 through 5, in order of emergence, Solid line refers to 
protein elution (O. D. 280 my) Broken line refers to elution of tritium radioactivity (¢.p.m. 
times 10%) 
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DAYS FOLLOWING INJECTION 

Fig. 6 Elimination of tritiated rabbit globulin from rabbit blood. Average of points for 

3 animals Vertical lines represent standard deviations from the mean. Intravenous dose was 


15 mg. whole tritiated globulin Zero time was taken as 15 minutes following injection. 
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When whole labeled globulin was fractionated by anion exchange chroma- 
tography, certain striking changes were evident. Although 5 major peaks, cor- 
responding closely to those obtained with unlabeled material, were obtained 
(Fig. 4), it was noted that a significantly smaller portion of the protein was 
recovered in the original peaks, and a correspondingly larger portion in peak 
5 (3, 10, 21, 22, and 41 per cent, respectively, of the original protein load). 
Paper electrophoresis showed that peaks 4 and 5 now contained a mixture ot 
ye: and y,-globulins (Fig. 1) and also contained materials exhibiting antibody 
activity. Thus peak 5 eluate had a complement fixation doubling-dilution titer 
of 1:640, at a protein concentration of 10 mg. per ml. 

When counts per minute of tritium radioactivity of the eluate fractions 
were plotted, the radioactivity was found to coincide closely with the protein 
elution peaks, all peaks exhibiting the presence of the tritium label. No other 
radioactivity peaks were found (Fig. 5 

The elimination of whole labeled globulin from the blood of injected rabbits 
corresponded to the typieal pattern expected of homologous protein, After a 
drop in radioactivity, due to initial equilibration, radioactivity was lost: from 
the blood at a slow rate, with a half-life of approximately 3.4 days. By the 
twelfth day, no increase in the elimination rate, corresponding to immune 
response, had oceurred (Fig. 6). When tritiated water alone was injected, 
tritium radioactivity disappeared rapidly from the cireulation; only a trace of 
the injected radioactivity was detectable 15 minutes following injection. 


DISCUSSION 


The advantages of tritium labeled antibodies are readily apparent, and in- 
deed, this material has already been prepared by biosynthesis.‘ Drawbacks of 
expense, yield, and low specifie activity are inherent in the biosynthetie method, 
and warrant a study of simple in vitro labeling methods. The remarkably wid 
applicability of the method of gaseous exchange would seem to place this pro- 
cedure in the latter category. 

Experience with the Wilzbach method has shown that a eertain amount of 
degraded, highly radioactive material usually appears following labeling"; thus, 
it is necessary to subject the crude product to careful purifieation. In the 
present instance, major emphasis may be placed on the removal of material 
with a diminished or changed biologie activity, and the retention and character- 
ization of the remainder; ideally, the latter should have retained eombining 
power, and, in the homologous animal, should be disposed of in the same manner 
as native protein. 

Following labeling, a certain amount of frank denaturation was observed. 
After removal of insoluble protein, the remaining soluble material may be 
regarded as being composed of unchanged protein, together with variable 
amounts of species which have undergone varying degrees of molecular change: 
the latter may, or may not, have suffered concomitant changes in_ biologie 
activity. Ultracentrifugation findings indicated that a certain degree of altera- 
tion in physical properties had occurred, and this finding, together with the 
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change in composition of the peaks obtained by chromatography, presumably 
indicates an inerease in molecular heterogeneity of the labeled material. It is 
notable that the shift in elution of y.-globulin was accompanied by a parallel 
shift in the distribution of combining power, suggesting that molecular changes 
were not sufficiently ereat as to be accompanied by major loss in_ biologic 
activity. 

The close coineidence of the curve for tritium label distribution with the 
protein. distribution eurve, together with the absenee of other radioactivity 
peaks, indicates that an essentially uniform distribution of label through the 
component proteins occurred; and that following removal of insoluble material, 
no fraetions with a major concentration of label were present. 

Whole labeled and unlabeled globulin fractions gave essentially similar 
doubling-dilution titers in the quantitative complement fixation test. The curve 
for disappearance of the former from the blood of the homelogous animal species 
for 
radioiodinated y-globulin in the rabbit. The half-life of the tritiated material 


was almost identieal with that deseribed by Dixon, Bukantz, and Dammin,'® 


was 3.4 days, whieh agrees closely with the figure derived from the data pre- 
sented in the report just mentioned. More recent values for the half-life of 
ethanol-fractionated rabbit y-globulin in the rabbit are of the order of 4.6 
davs'®; further experience with tritium labeling, for example, labeling in the 
solid state, may result in preparations with half-lives approaching the latter 
figure. No indication of an increase in the rate of clearance, corresponding to 
antibody produced by the rabbit, was observed over a 12 day period. The re- 
liability of the half-life value obtained is subject to question, since the degree of 
exchange between labeled protein and serum water is net known. <A partial 
control, consisting of intravenous administration of tritiated water to rabbits, 
indicated very rapid disappearance of radioactivity from the blood. If a 
similar disappearance rate of tritiated serum water occurs when labeled protein 
is injected, the half-life value obtained for the latter probably represents a 
minimum value, 


SUMMARY 


1. The y-globulin fraction of rabbit antisera against the Ehrlich mouse 
ascites careinoma was labeled with tritium by the method of gaseous exchange. 

2. After removal of insoluble products, the tritiated material had increased 
in molecular heterogeneity, but had retained antibody titer, and was handled 
by the homologous animal in a manner similar to that encountered with native 
protein. 


3. In the course of this work, rabbit y.-globulin (ethanol fractionated) has 


been characterized by anion-exchange chromatography. 


The authors are indebted to Dr. Walter D. Block, of the Department of Dermatology: 
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Department of Chemistry, at the University of Michigan, for their aid in carrying out several 
aspects of this work. Acknowledgment is also due to Dr. Herbert A. Sober, of the National 


Institutes of Health, Bethesda, Maryland, for advice on anion exchange chromatography. 
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EFFECT OF NEOMYCIN ALTERATION OF THE RAT INTESTINAL 
FLORA ON SERUM CHOLESTEROL AND VALVULAR 
SUDANOPHTILIA 


SELWYN UA. Brorrman, Pu.D., DouGuas G. KINNEAR, M.D., LEONARD S. 
GorrLieB, M.D., ALyce L. Bezman, M.D., Josepu J. Virate, D.Nc., 
\ND NORMAN ZAMCHECK, M.D. 

Bostox, Mass. 


HIRENS' has recently re-emphasized the relationships among diet, the 
A intestinal microflora, and intestinal absorption with respect to serum. lipid 
levels and experimental atherogenesis. 

Rats, raised in a germ free environment? or treated with chemotherapeutic 
agents,” ° exhibited sreatly decreased feeal excretion rates of labeled cholie aeid. 
Oral administration of penicillin and Sulfasuxidine has been shown by Coleman 
and Baumann! to depress the feeal excretion of coprostanol with a correspond- 
ing increase in feeal cholesterol. Thus, the feeal cholate exeretion in’ these 
studies appears to be governed by, or, at least, to be related to alterations in 
the intestinal flora. 

Rosenfield’ reported that dietary cholesterol can undergo direct conversion 
to coprostanol, a nonabsorbable sterol, within the intestinal lumen—presumably 
because of the activity of the microorganisms present. 

Furthermore, Portman and associates’ demonstrated elevation of serum 
cholesterol in rats which were maintained on a cholesterol-cholate starch diet 
plus Sulfasuxidine (as compared to the same diet without Sulfasuxidine ). 
Presumably the difference in serum cholesterol level was related to alterations 
in the intestinal flora sinee it was not observed in the absence of the drug. 

The present experiment was undertaken to study the effeet of neomyein- 
altered intestinal flora upon the absorption of cholesterol, as evidenced by 
changes in serum cholesterol levels and aortie and heart valve sudanophilia. 

Antibioties administered orally have been reported to inerease the absorp- 
tion of various mineral elements, i.e., calcium’ and manganese.> Since increased 
intakes of dietary magnesium have been shown to retard the development. of 
vascular sudanophilia,” the effeet of neomyein on the absorption of dietary 
magnesium was also included in this study, 


METHODS 


Weanling male albino rats, weighing 50 to 55 grams, were housed in individual cages 


ag 


and fed ad libitum on a basic diet containing purified casein (10 per cent), glucose (58.1 
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per cent), salt mixture (5 per cent), Celluflor (5 per cent), choline chloride (0.3 per cent 
vitamin ADE mixture (0.1 per cent), CaCO; (1.5 per cent), and fat (Spry 20) per cent 
\nother group was fed this diet plus 1 per cent cholesterol and 0.3 per cent cholic acid. 
\ constant percentage of protein and fat was maintained by reducing glucose proportionately. 
Animals on both diets were further divided into those receiving either water, or water con 
taining neomvein sulfate a nonabsorbable antibiotie) in a concentration of 60 mg. per 
100 ml. Magnesium in the form of magnesium oxide was added in concentrations of 6, 12, 
24, 96, and 192 mg. per 100 Gm. diet. 

Food and fluid intakes were measured daily. Animals were weighed twice weekly and 
observed for signs of magnesium deficiency, viz., hyperexcitability, and hyperemia of the 
ears, feet, and tail. As a check on the effect of the antibiotic regimen, fresh stool specimens 
were cultured at weekly intervals; coliform organisms were enumerated on MaeConkey agar. 
Parallel total yeast counts were made on potato dextrose agar in order to ascertain the 
possibility of veast superinfection, Plates were incubated at 37° C. for 48 hours. 

After 28 davs the animals were killed. The left kidneys were deeapsulated and 
weighed; hearts were removed with the aorta attached so as to expose the nortie and 
mitral valves, were fixed in 10 per cent Formalin, and were stained with Sudan IV. 
Valvular and aortic sudanophilia was then estimated and the total vascular sudanophilia 


designated as “heart score’ in the manner previously reported.2 The degree of renal 


tubular microlithiasis was likewise evaluated and the “kidney score” was estimated, as ar 
indication of magnesium deficieney, as has been previously deseribed.9 Serum cholesterol 
levels were determined by the method of Carpenter and associates. 


RESULTS 

The addition of neomyeln to the drinking water resulted in suppression of 
coliform organisms in the feces (Table 1). The coliform count showed a 
marked drop within the first week and within 14 days fell from a normal level 
of approximately 8 » 10° to a level of less than 1 « 10° organisms per gram of 
wet feces. Resistant coliforms were not apparent nor was there any rise in 
veast count throughout the period of this study. 

Animals fed either the basic diet, or the cholesterol-cholate diet with or 
Without neomyein, reached a maximal weight gain at a minimal dietary mag- 
nesium level of 12 me. per cent (Tables If and IIL). Cholesterol-cholate-ted 
animals did not gain as much weight as did those fed the basie diet; neomyein- 
fed animals in all groups exhibited a greater weight gain than did those ani- 
mals not fed neomyein. 

Neomyein did not alter serum cholesterol levels of animals fed the basie 
diet. The serum cholesterol levels of animals fed the cholesterol-cholate dict 
averaged 650 meg. per cent, and the addition of neomycin resulted in a further 


increase of the average serum cholesterol levels to 1,062 mg. per cent, despite 


TABLE T.) Errectr or NEOMYCIN ON COLIFORM AND YEAST CouN1 


AVERAGE COUNT PER GRAM OF WET FECES 
NUMBER Of} 


(FOURTEENTH TWENTY FIRS1 
ANIMALS NEOMYCIN SEVENTH DAY DAY DAY ) 
6 Coliforms dx 10 <1 x 102 “a4 102 
Yeasts 3 10 3 x 106 3 x 105 
6 Control 
Coliforms 2 1010 1» 10s 3 109 
Yeasts 2 x 10% sx 16% S§ x 109 


*Mycifradin sulfate, The Upjohn Company, Kalamazoo, Mich 
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TABLE IL. THE Errect oF NEOMYCIN ON SERUM CHOLESTEROL, KIDNEY PROFILE, AND 
GROWTH OF Rats Frep a Basic Diet 


KIDNEY PROFILI 

DIETARY KIDNEY: AVERAGH 
MAGNESIUM SERUM KIDNEY BODY WEIGHT CALORIC 
MG. PER 100 CHOLESTERO! KIDNEY VEIGH WEIGHT GAIN INTAKI 
GM. NEOMYCIN MG. & SCORE MG. RATIO GM, PER DAY 

6 6 82.0) 3.4 622 62 +] 15.1 

) . 

6 S4.0 3.6 TSO fo 1S 46.1 

12 6 G00) 25 670 it) D4 55.2 

- 6 QS. 30 6S] 51 73 34.2 

4 rh OO.0 ‘3 1a) 45 50 17.9 

- 6 SS.3 1.1 60] AT 70 59.6 

OG 6 76.0 O38 176 40 5S 48.9 

6 G30 0.1 566 46 64 56.6 

19 6 75.0 0.1 }S2 40 Pays) d0.4 

™ 6 4. 0.02 Dae 1 6S aD. 1 


*Number of animals 


similar caloric intakes in both groups. Serum cholesterol levels were unat- 
fected by dietary magnesium intake. Table IIT illustrates that the heart score 
of 5.3 was reduced to 1.9 in animals not fed neomyein, by inereasing the mag- 
nesium from 6 to 96 mg. per cent. The addition of neomycin to the drinking 
water resulted in an over-all increase in heart score, at all levels of dietary 
magnesium. Inereases in dietary magnesium reduced the heart seore of 7.7 
at 6 me. per cent to $l at 96 me. per cent. llowever, the protective effeet of 
magnesium on heart score was not altered by the neomyein. 

The kidney :body weight ratio showed a progressive reduction with = - 
creasing dietary magnesium in all groups. It was not influenced sienifieantly 
by any other factors. 

On the other hand, the onset of hvperexeitability and peripheral hyperemia 
in neomyein-fed animals was delaved by at least one week in the four week 
experiment. In addition, daily observation of the degree of estimated hyperemia 


was significantly reduced by neomyein feeding. 


Tagie ILL. Tue Errect oF NEOMYCIN ON SERUM CHOLESTEROL, HEART Score, KIDNEY 
PROFILE, AND GrRowWTH OF Rats FED A CHOLESTEROL-CHOLATE DIET 


KIDNEY PROFIL 
DIETARY SERUM KIDNEY: AVERAGE 
MAGNESIUM CHOLES KIDNEY BODY WEIGHT | CALORIE 
MG. PER PERO! HEART) KIDNEY WEIGHT 9 WEIGH GAIN INTAKI 
100 GM. NEOMYCIN MG. 9 SCORE SCORI MG. RATIO GM. PER DAY 
} TH 5.3 BS Ia | Sia 69 23 355 
6 + (6 1 089 77 » 4 531 ays) 36 39.8 
6 645 5.6 3.3 624 1 +] 14.2 
9 “s re , a ‘ 
12 6 1048 6.4 LD a?2 16 3 16.5 
: 6 60] 3.2 1.2 1633 55) +4 18.5 
=4 6 S1S 6.9 Be DO4 41 63 18.0 
6 DOG 1.9 0.7 12 5 +2 5.1 
96 ; = ao 
a 6 1.136 11 0.5 180 41 61 17.5 
, 6 653 2.1 0.4 147 46 3S $4.6 
Qs = es 
192 6 1,233 1.9 0.3 $S4 Ai 44 18.0 


*Number of animals 
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DISCUSSION 


Addition of neomycin to the drinking water resulted in an increased weight 
gain in animals fed both diets. Further discussions concerning the well-known 
erowth-promoting effeet of antibiotics may be found in the excellent reviews of 
Jukes'! and Porter.' 

Neomyein administered orally did not affeet the serum cholesterol levels 
of the rats fed a cholesterol-cholate free diet. Presumably, neomycin alteration 
of the intestinal flora impedes the degradation of bile acids in the hepato-biliary 
intestinal circulation. This may be tantamount to. increasing the level of ab- 
sorbable cholic acid. Tlowever, in rats fed a basie diet with only cholie acid 
added, Beher and associates!’ observed a markedly deereased rate of in-vivo 
hepatic cholesterol synthesis with a coneomitant, but very slight, decrease in 
serum cholesterol. This ay also partially explain the moderate lowering effect 
of oral neomycin on serum cholesterol levels in humans as reported by Samuel 
and Steiner." 

Animals fed a cholesterol-cholate diet exhibited an increase in the degree 
ot hypercholesteremia when the diet was supplemented with neomycin. These 
observations lend support to the coneept that a reduction of the intestinal flora 
impedes the degradation of the bile acids’ '° and cholesterol to nonabsorbable 
coprosterols, ' and thus allows their reabsorption. Speculation cannot be 
ruled out that alterations in the intestinal flora, whieh are induced by anti 
biotics or specific dietary constituents, cause physical changes within the lumen 
of the intestine, which favor the absorption of a given nutritional substrate. 

These findings are in agreement with those of Portman,” who obtained a 
moderate rise in serum cholesterol levels by the addition of Sulfasuxidine to the 
diet of cornstarch-cholesterol-cholate-fed rats. 

Klevated levels of serum cholesterol were accompanied hy increased dleposi- 
tion of sudanophilie material in the heart and aorta, but they were not directly 
proportional to one another. Cholesterol-cholate-ncomyein-fed rats exhibited 
higher heart scores than did their neomyein-free counterparts. Vaseular and 
aortic sudanophilia, however, was diminished by inereasing amounts of dietary 
magnesium in both these groups, but was without effeet on serum cholesterol 
levels. 

Although the clinieal symptoms of magnesium deficieney were lessened and 
hody weight increased by feeding neomycin, the anatomie changes of the kidney, 
which were attributed to magnesium deficieney, were not improved by neomyein. 
Thus, it is not certain at this time that neomyein administered orally resulted in 
either increased absorption of magnesium or more efficient utilization. The 
techniques available for evaluation of magnesium deficiency used in this study 
were not sufficiently critieal to evaluate these small differences. 


SUMMARY 


Alteration of the intestinal flora by neomycin feeding, as evidenced by de- 
creased stool coliform counts of rats fed a cholesterol-cholate-free diet, had no 
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effect on serum cholesterol levels. Ilowever, rats fed diets containing choles- 


terol-cholate plus neomyvein exhibited markedly higher serum cholesterol levels 


and an increased amount of vascular and acrtie sudanophilia than did) non- 


heomveln fed counterparts, 
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A FAMILY WITH HEMOGLOBIN G 


Rose G. ScuNxemer, Pi.D., aNnp Mary Evuen Haccarp, M.D. 
(iALVESTON, TEXAS 
EMOGLOBIN G was originally found by Edington and Lehman?’ in a 
West African family; it was characterized by a mobility between that 
of hemoglobin A and hemoglobin S in paper electrophoresis, Veronal buffer. 
pH 8.6. 


In free electrophoresis, cacodylate buffer pL 6.5, G is inseparable 
from S, 


but in free electrophoresis, Veronal buffer, pHL 8.6, it is difficult to 
separate from A? In chromatography on columns of ion exchange resin, G 
assumes a position between A and S2) The present report deals with a hemo 
globin variant with these same characteristics, found together with 
globin A, in a Negro obstetric patient (KE. T. 


hemo- 
and eaeh of her 5 cehildren.* 


MATERIALS AND METILODS 
Hemoglobin solutions were obtained by centrifugation from erythrocytes washed 


with saline and hemolvzed by the addition of 1 volume water and 4 volume toluene. 


Paper electrophoresis analyses, Veronal buffer, pH 8.6, g@ 0.05, were made in the apparatus 


previously deseribed.4 In some instances, the filter paper used (Whatman No. 1) had 
previously been dipped into a 0.5 per cent solution of egg albumin and dried. Such 
papers minimized the “trailing” of hemoglobin and permitted sharper localization of the 
components. Paper electrophoresis with acid buffer (citrate, pH 6.5 
Whatman No. 


was performed on 
3 filter paper enclosed in glass plates held together with pressure clamps, 


and for agar electrophoresis in citrate buffer, the method of Robinson and associates® was 
used, Quantitative estimations in zone electrophoresis were obtained by analyzing the 
samples in starch blocks? or, in a few instanees, on Oxo papers; in both cases a Veronal 


buffer, pH 8.6, w 0.05 was used. The separated components were eluted from the starch 
or paper, and the hemoglobin concentrations of the eluates were determined by 


spec 
trophotometry. For free electrophoresis, about 1 per 


cent carboxyhemoglobin samples 
were analyzed in the Perkin-Elmer type of Tiselius apparatus, usually with cacodylate 
buffer, pH 6.5, w 0.1. Other buffers—phosphate, pH 6.4, w 0.04, Veronal pH 8.6, w 0.1 or 
Tris, pH 7.4, w 0.1 were used as indicated. Chromatography on 


change resin, Amberlite, TRC-50, 


columns of the ion ex 
was performed according to the method of Huisman 
Concentrations of fetal hemoglobin were determined by 
denaturation of Singer and 


and Prins. the method of alkali 
assoeciates!® and solubility was measured by the method of 
Itano.11 


RESULTS 
Clinical Summary.—For a period of about 3 vears, kK. T. and her daughters 
have been studied at regular intervals in this hospital and have displayed 
From the Tissue Metabolism Research Laboratory and the Department of Pediatrics, 
University of Texas Medical Branch, Galveston, Texas. 
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*Another son, J. J. T., has been born recently. Hemoglobin prepared from his cord 
blood was analyzed by paper electrophoresis, but only types F and A were seen However, 
the variant, if present, could probably not be detected in the young infant by this method 
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no symptoms indicative of anemia or hemolysis. Upon physieal examination, 
they appear normal, except that all the daughters are somewhat small, each 
being within the tenth to twenty-fifth percentiles for both height and weight 
¢seording to her age. The fifth child is a 12-month-old boy, W. T., Jr., whose 
clinical pieture appears ordinary. His hemoglobin pattern in paper elee- 
trophoresis, Veronal buffer, is similar to that of the mother and sisters. The 
father is in good health, and his hemoglobin consists entirely of type A. 

The hematologic findings on the mother and children are presented in 
Table IL. 

Upon initial examination, each of the girls showed some microcytosis, 
but target cells were rarely seen in peripheral blood films. Microecytosis and 
hypochromia were particularly noticeable in the blood indices of the 2 
younger girls (R. EF. T. and P. A. T.).) Beeause of the poor socioeconomic 
status of the family, it was thought that these abnormalities might refleet 
a nutritional iron deficiency. Therefore, ferrous sulfate with an ascorbie acid, 
Cytoferin, was preseribed in therapeutic amounts over a 6 week period, but 
the hemograms were not altered appreciably by this medication. However, 
examination approximately Ll year later showed essentially normal indices; 
surprisingly, at this time, one of the girls, R. F. T., had about 12 per cent 
target cells. 

Analysis of Hemoglobin of FE. T. and Her Daughters.—In paper elec- 
trophoresis, Veronal buffer, pIL 8.6, or citrate buffer, pH 6.5, these hemoglobin 
samples were resolved into 2 components, indistinguishable from hemoglobin 
types A and G, respectively. A comparison of E. T.’s hemoglobin sample with 
those containing similar variants is shown in Fig. 1. In zone electrophoresis 
on agar, starch block, and Oxo paper, all in Veronal buffer, pH 8.6, the 
results were similar to those on filter paper. In quantitative estimations in 
zone electrophoresis there was 50 to 60 per cent A. The A. value of E. T.’s 
hemoglobin sample was about 38 per cent, and that of the 4 girls about 2 per 
cent or less. 

In free electrophoresis, cacodylate buffer, pIl 6.5, » O11, each of these 
hemoglobin samples was resolved into 2 components (Fig. 2) of which the 
leading one, representing about two-thirds of the total area, was inseparable 
from hemoglobin G (or S) and the other from hemoglobin A. In a 1:1 mix- 
ture with A these proportions were reversed and in mixtures with hemoglobin 
S, the leading peak was increased in proportion to the amount of S added. 
Kk. T.’s hemoglobin sample was also analyzed in free electrophoresis, phos- 
phate buffer, pH 6.4, » 0.04, in which buffer it resolved into 2 peaks with 
about 75 per cent in the leading one. In this buffer, the apparent proportion 
of the leading component is accentuated at the expense of the slower one," 
so that the figures for cacodylate buffer are probably a better expression of 
the true composition. In free cleetrophoresis in Tris buffer, pH 7.4, » 0.1, 
Kk. T.’s hemoglobin sample resolved into 2 peaks of approximately equal area, 
inseparable from hemoglobin types A and G, respectively. In free elee- 
trophoresis, Veronal buffer pH 8.6, py 0.1. there was one somewhat asymmetri- 
eal peak. 
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Fig. 1 Hemoglobin variant of Patient E. T. compared with similar types. Paper elec. 
trophoresis patterns, Veronal buffer, pH 4.6 Initials in parentheses indicate patients’ names 
The sample AQ was kindly sent by Dr. H. Lehmann 
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In chromatography on columns of ion exchange resin (Fig. 5), these 
hemoglobin samples again separated into 2 components indistinguishable from 
types A and G, respectively. In solubility measurements, the values fell 
within normal limits. 

Comparison With Hemoglobin AG.—It has already been reported that in 
the first 2 cases of hemoglobin AG (J. R. A“ and A. K.'*) the hemoglobin 
samples both resolved into 2 peaks of approximately equal proportions, when 
analyzed in free electrophoresis, cacodylate buffer, pHL 6.5, 4 O11. In each 
instanee the leading peak was inseparable from hemoglobin SS. However, in 
free electrophoresis, Veronal buffer, pH 8.6, 4 O.1, each sample developed 
into 1 peak. Reeently, A. K.’s hemoglobin has been analyzed by free elee 
trophoresis in Tris buffer, pIl 7.4. 2 0.1; in this buffer there were again 2 





Fig. 3 Patient BE. T’s hemoglobin sample compared with others in chromatography on 
columns of ion exchange resin. 


peaks of approximately equal area. This sample was also analyzed quanti- 
tatively in zone electrophoresis, pH 8.6; here, again, there were approximately 
equal parts of A and G. In paper electrophoresis, citrate buffer, pll 6.5, the 
hemoglobin samples from A. K. and E. 'T. produced similar patterns. However, 
in agar electrophoresis, citrate buffer, there appeared to be a difference in 
that the variant in E. T.’s (and her daughters’) samples did not separate 
well from hemoglobin A. Unfortunately, at this time patient A. K. beeame 
uncooperative and refused to contribute additional blood samples, so direct 
comparison could not be made. 


DISCUSSION 
The faet, that the variant in this family is the major component in free 
electrophoresis in cacodylate or phosphate buffers of about pH 6.5, is distinetly 
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unusual; almost invariably in conditions of heterozygosity for hemoglobin 
A and one of its variants, it is the A> which comprises one half or more 
of the total hemoglobin (an exception has been noted in the ease of hemo- 
globin J''). The one clear and consistent exeeption occurs in those cases in 
which a thalassemia gene is inherited together with the genes for hemoglobin 
A anda variant. The presence of thalassemia appears to suppress the forma- 
tion of hemoglobin A, so that the characteristic cleetrophoretie pattern of 
the hemoglobin of patients with siekle cell-thalassemia disease or of hemo- 
globin C—thalassemia disease is one in which the abnormal component, S or C, 
is the major, and A is the minor component. In this family, the possibility 
of the presence of thalassemia cannot be entirely excluded, although the 
low values of hemoglobin F and A., the paucity of target cells, and the 
transitory nature of the mild hypochromia and microcytosis make it unlikely. 
Only 1 other member of EF. T.’s family was available for study. This was a 
sister, Whose hemoglobin consisted entirely of Type A. 

It appears that the gene for the particular hemoglobin variant in E. T. 
and her children has an unusually strong quantitative expressivity, unassoci- 
ated with any other distinctive abnormality. In this connection, it is inter- 
esting that in the 1 known case of homozygosity for hemoglobin G,? no clinieal 
or hematologic abnormalities were found, despite the faet that the hemoglobin 
was entirely of type G. This variant, then, might be called a ‘‘normal’’ one, 
in contrast to those, such as S and C, whose presence in major proportions 
is always associated with characteristic abnormalities. Another unusual, but 
perhaps fortuitous, feature is that all 5 children have inherited the variant 
from the mother. 

Finally, the discrepancy in quantitative resolution of this variant in 
different methods of electrophoresis is noteworthy. This discrepaney, which 
is probably too large to be explained by the range of error of the methods, 
was not found in 2 earlier eases of hemoglobin AG, and arouses suspicion 
regarding the structural identity of this variant with that in the earlier cases. 

Reeently, Benzer and associates'® have shown that there are 3 distinet 
types of hemoglobin D as determined by amino acid analysis, although these 
are indistinguishable by all other known methods of differentiation. Other 
hemoglobin variants are known to be identical in one method of eleetrophore- 
sis and different in another. For example, hemoglobin P''* is indistinguish- 
able from A in free electrophoresis in acid buffer (eacodylate, pH 6.2 to 6.9, 
uw 0.1 or phosphate pH 6.4, « 0.04) ; however, in paper electrophoresis, Veronal 
buffer pH 8.6, P is readily separated from A but is now indistinguishable 
from L. Perhaps even more germane is the fact that the quantitative re- 
solution of P (in moving boundary electrophoresis, cacodylate buffer) changes 
according to the nature and amount of the accompanying hemoglobin. 

Eventually, all hemoglobin variants will probably be identified by analy- 
sis of the specifie chemical structure.’* Such analyses will doubtless settle 
the question of the precise identity of the variant in this family with hemo- 
globin G. 
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SUMMARY 


A hemoglobin variant with the same electrophoretic and chromatographic 
mobility as hemoglobin G has been found, in conjunetion with hemoglobin 
A, in a Negro woman and her 5 children. No distinctive clinical or hema- 
tologie abnormalities were found in these individuals. In moving boundary 
electrophoresis of the hemoglobin samples, the proportion of the variant is 
about 65 per cent in cacodylate buffer, pH 6.5, ~ 0.1, about To per cent in 
phosphate buffer, pH 6.4, 4 0.04, and about 50 per cent in Tris buffer, pH 
7.4, n O11.) In zone electrophoresis, Veronal buffer, pL 8.6, its proportion is 
10 to 50 per cent. This discrepancy in quantitative resolution was not found 
in 2 previously reported instances of hemoglobin AG. 
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STUDIES ON ERY THROPOTESIS. XI A COMPARISON OF METHODS 
OF BIOASSAY OF ERYTHROPOLETIN IN HUMAN PLASMA 


CLIFFORD W. GURNEY, M.D., ann CHao Pan, B.S. 
(‘HIcCAGO, ILL. 


ie Carnot and Deflandre’s description of the erythropoietic stimulating 
quality of anemic serum,’ there have been many attempts, reviewed by 
Grant and Root” to demonstrate this property in plasma of animals and man. 
However, results often were equivocal or negative. A noteworthy contri- 
bution was made when incorporation of Fe’ by red cells, originally described 
by Hlahn and his associates,’ was adapted to the bioassay of erythropoietin, 
the erythropoietic stimulating factor in anemic plasma.' Modifications of 
this procedure have been employed to demonstrate erythropoietin in plasma 
of normal subjeets’ and patients with a variety of hematologie disorders.” | 
In previous publications,” * we have commented on the limitations of assay 
methods currently used and the loss of erythropoietin in fractionation of 
plasma prior to assay. Stohlman and Brecher® have also demonstrated elearly 
the loss of erythropoietin obtained from animal sources when the plasma was 
heated for 10 minutes. Ways have been sought to circumvent these losses 
and to increase the sensitivity of the bioassay. The purposes of this publica- 
tion are (1) to report the assay of unfractionated plasma, thereby obviating 
erythropoietin losses by extraction, and (2) to present a comparison of the 
two assay animals we have employed to demonstrate erythropoietin in human 
plasma. 


MATERIAL AND METHODS 


Blood was collected from normal volunteers and anemic patients using heparin as 
an anticoagulant. After centrifugation in the cold, the plasma was removed and stored 
in the frozen state until ready for assay or fractionation. Frozen plasma was thawed at 
room temperature, and whole plasma or a heat-denatured extract prepared by the method 
of Borsook and co-workers® were used for assay. The plasma was acidified to pH 5.5 
by the addition of 0.1 N HCl and heated in a boiling water bath for 10 minutes. The 
suspension was filtered through analytical filter paper (No. 595), and the precipitate 
resuspended in distilled water in a volume equal to the original plasma volume, heated 
an additional 10 minutes, filtered, again resuspended, heated, and filtered. The filtrates 
were combined, reduced to original volume in a rotary flash evaporator, and the pH ad 
justed to 7.4 by the addition of 0.1 N NaOH. This extract was then frozen until ready 


for assay. 


Male rats of the Sprague-Dawley strain were used, 5 in each assay. The procedure 
of Fried and co-workers!” 11 was followed. Young normal rats, weighing 100 to 120 


grams were starved 32 hours prior to the first injection of material being assayed, and 


maintained in the starved state throughout the duration of the bioassay, water being 
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permitted ad libitum. Six-week-old animals were hypophysectomized by the Hormone 
Assav Laboratories of Chicago and 1 to 2 weeks later were used for assay. Two milli 


liters of plasma or plasma extract was injected subcutaneously daily for 2 days. On the 

third day, under light ether anesthesia, a tracer dose of 1 we of Fe59 citrate was given 

intravenously, and standards were prepared for later counting. Sixteen hours later, 1 ml. 

of blood was obtained by cardiac aspiration, and the Fe® incorporation into red cells 

was calculated according to the following formula: 

. net counts per ml. blood « 0.05 hody weight 

Fe59 uptake ’ : 
net counts injected 


In these experiments, the blood volume was assumed to be 5 per cent of the body weight.™ 


RESULTS 
Normal Values.—Plasma and heat-denatured extract of plasma from 12 
normal donors (all. hemoglobins were between 14 and 17 @m. for men. 13 to 
16 gm. for women) were assayed in both starved and hypophysectomized 


rats. The average results, plus or minus | standard deviation, are recorded 


STARVED RAT HYPOPHYSECTOMIZED RAT 
| 
16 } WHOLE 
| PLASMA 
14} T 
: | | 
° 12+ 
eo | 
x 10 
. * } 
a } 
x Bt WHOLE 
= PLASMA BOILED 
2 EXTRACT pre BOILED SALINE 
sa 6} 4 EXTRACT r 
3 ] } 10.1% 4.0 r 
‘© 
. 4} S7fi.i I i 4 ) 
| | 
46212 | } 
2/ t! 44210 | | 
SSS 37222 
Oo -—- EE 
Fig. | Bio-assay of erythropoietin in human plasma, control values from 12 normal donors 


expressed as average +1 standard deviation 


in Fig. 1. In subsequent analyses of anemic plasmas, results exceeding these 
averages by more than 2 standard deviations of the latter were considered 
positive. 

Assay of Anemic Plasmas.—Nineteen plasma specimens obtained from pa- 
tients with hemoglobins under 8.5 gm. per cent, were assayed before and after 
protein removal by heat-denaturation in both starved and hypophysectomized 
rats. Diagnoses, hemoglobin levels, and the results expressed as the average of 
®) animals in each assay are recorded in Table I. It will be noted that the most 
sensitive assay procedure involves the testing of whole plasma in starved rats, 
in which instance 12 of 19 specimens were positive. Only in 1 instance was 
a plasma negative by assay in the starved rat and positive in the hypophysee- 
tomized rat. 

DISCUSSION 

Since Borsook and co-workers described erythropoietic activity of the 
boiled extraet of anemie rabbit plasma by demonstrating its stimulating effeet 
in rats,’ it has been customary for investigators to extract plasma in this 
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TABLE IL.) COMPARISON OF ERYTHROPOIETIN BIOASSAY PROCEDURES 


STARVED RAT HYPOPILYSECTOMIZED RAT 
WitOL! BOILED WHOL! BOLLED 
DIAGNOSIS Hh, PLASMA EXTRACT PLASMA EXTRACT 
Normal 5.4 * L1G t.6 + 1.24 10.1 b.0% 3.0 + 16% 
Mveloma 3.60 °6.6 4 IS. 4 POS 4 11.6 
Aplastic anemia S.1 1d.0 +4 OS 2aI 12.1 
Hodgkin's disease 35 27.6 1S 2 1.9 
Leukemia 5.0) 28.8 17 A i me 
Aplastic anemia 7.0 33.0 ea 28.4 1.3 
Mvoglobinuria a2 12.0 7.8 PTS 2 4 
Pernicious anemin 3.5 a5 ye 22.8 6.1 
Leukemin 6.0 20.4 W0) 1): = 
Acute gastrointestinal 
hemorrhage 
Chronic pveloneplhir tis 1.7 7 7 ¢ ri 7 
Carcinomatosis, breast rey 17.5 8.5 i) 8 
Lymphosarcoma 74 9.0) 5.9 13.6 26 
Leukemia 3.1 30.6 4 5.4 oh. 4 8.6 
Leukemia 6.6 6.3 5.4 iS 53 
Lymphosarcoma x.) 6.4 }.8 14.3 2.6 
Myeloid metastasis 1S 1.2 5.6 5. » 6 
Mveloid metastasis OS 7.6 8 6.6 0 
Mveloid metastasis 6.1 Ta 1.0) 10.5 0) 
Leukemia 6.9 5.6 3.5 S.1 1.3 
Mveloma j $0) 9.0) 2.8 2.4 
Summary Positive 12 Ss 10 ; 
Total 19 19 19 19 
manner prior to bioassay.®: % !! Indeed, even urine from anemic donors 


was treated in this fashion" prior to injection into rats in an effort to demon- 
strate the existence of urinary erythropoietin. We have previously reported 
finding erythropoietic-stimulating properties of the heat-denatured extract of 
human plasma obtained from many, but not all anemie donors.’ Although 
no known change in the assay procedures or the hypophysectomized animals 
was introduced, a number of negative assays subsequently obtained were diffi- 
cult to interpret if current concepts of the significance of erythropoietin are 
correct. '° This investigation was, therefore, designed to measure the de 
gree to which we were losing activity when plasma was fractionated by heat- 
denaturation. It also appeared worth while to compare the acutely starved 
rat," a less expensive and more resistant animal, with the hypophyseetomized 
rat, the animal initially employed by us to demonstrate erythropoietin in hu- 
man plasma. 

In all instances where whole plasma was found to be positive, a reduction 
in activity was noted after most of the protein was removed by heat-denatura- 
tion. This observation is applicable to both starved and hypophyseetomized 
rats. In some instances, the loss of active material was so great that the heat- 
denatured extract was negative. We have also experienced some loss of ae- 
tivity when plasma proteins are removed by precipitation with ethanol in the 
cold or with perchloric acid. The possibility exists that the method of frae- 
tionation employing ammonium sulfate, recently reported by Lowy, Keighley, 
and Borsook, to yield a fraction which on a protein basis is 5 to 10 times more 
potent than the filtrate. of the boiled anemic plasma,'® may permit a more 
quantitative recovery of erythropoietin. 
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Rats tolerated 2 injections of the unfractionated human plasma without 
any demonstrable ill effects. Perhaps this is related to the difficulty with 
which rats form antibodies to soluble antigen." 

In this series of 19 plasmas tested, it would appear that the most sensitive 
method employs the starved rat to assay whole unfractionated plasma. This 
is fortunate, because this preparation is more easily maintained and less ex 
pensive than the hypophysectomized rat. It is surprising and fortunate that 
the nutritional value of 4 ml. of human plasma is not enough to reverse the 
depression of erythropoiesis in the starved rats as measured by Fe°’ incorpora- 
tion into the peripheral red cells. 

Although considerable degrees of stimulation of iron incorporation into 
erythrocytes is obtained following injection of whole anemic plasma in the 
hypophysectomized rat if compared to the iron incorporation following in 
jection of saline, these results must be evaluated in relation to a higher and 
more variable result obtained with normal plasma, and the difference between 
test values and the average normal value is therefore less striking than in 
the starved rat. 

The stimulatory effeet of whole human plasma on erythropoiesis in the 
hypophyseectomized rat is difficult to interpret. In light of the results ob- 
tained on assay of plasma from anemie patients, it appears unlikely that the 
hypophysectomized rat is more sensitive than the starved rat. Therefore, it 
appears unlikely that the average difference between saline (3.7 per cent) and 
Whole human plasma from normal donors (10.1 per cent in the hypophy- 
sectomized rat is a measure of erythropoietin in normal plasma, and other 
explanations must be sought. Perhaps the whole human plasma supplies a 
sufficient quantity of one or more hormones, a deficiency of which in the hypo 
physectomized rat is thought to be the basis for the depression of erythropoie- 
sis in this assay animal,'' to account for this inereased erythropoiesis. This 
possibility is worthy of serious consideration and warrants further investiga 
tion, because, if true, it casts serious doubt upon the validity of assaying hu 
man plasma or even plasma extracts from anemic patients in the hypophy- 
sectomized rat unless by prior fractionation substances other than erythro 
poietin which might be capable of stimulating erythropoiesis indirectly in 
the hypophysectomized rat are first removed. 

The least sensitive assay procedure involved testing the heat-denatured 
extract of whole plasma in the hypophyseetomized rat. This was a surpris- 
ing finding because in an earlier study” we found 10 of 18 specimens positive 
in the hypophysectomized rat. No change in the assay procedure was insti- 
tuted, and in so far as ean be determined, the animals used in this study were 
bred, maintained, and supplied in the same fashion as those employed previ- 
ously. However, variability in assay animals has been commented on by other 
investigators,'* and may also be responsible for the apparent deerease of sensi- 
tivity noted here. That the difference may at least in part be attributed to 
the different patients donating plasma for this study may be aseertained from 


the results of 2 additional assays not included in Table T because enough 

















\ 35 STUDIES ON ERYTHROPOTESIS. XIII cy 


plasma was not available for all 4 assays. One was an assay of plasma from 
a patient with hypoplastic anemic reported positive in a previous publieation, 
This plasma was stored in a deep freeze at -20° C. for 4 months. Enough 
was available for assay of whole plasma and the heat-denatured extraet in 
only one animal preparation and, therefore, the hypophysectomized rat was 
used. The results were 51.2 + 4.2 per cent for whole plasma and 34.6 + 4.1 
per cent for the heat-denatured extract. Twenty milliliters of plasma ob- 
tained from a child with congenital hypoplastic anemia was made available 
to us by Dr. Mila Pierce, Professor of the Department of Pediatries, Univer- 
sity of Chicago Clinics. The heat-denatured extract of this material was 
found to be positive, an average 13.3 + 5.2 per cent being obtained when 
tested it 


the hypophysectomized rat (eontrol 3.5 + 1.6 per cent). It is inter- 
esting that a boiled extraet of plasma obtained from a patient with this dis- 
ease Was first reported negative for erythropoietin by Piliero and associates," 
and it was suggested that erythropoietin deficiency might be implieated in 
the pathogenesis of this disease. In a later publication,’’ however, these au- 
thors demonstrated erythropoietin in the patient’s plasma. Perhaps loss of 
activity during fractionation of the initial plasma specimen contributed to 
the negative results. 

If whole plasma is used in this bio-assay, it is important to exclude a 
hemolytic effect of this plasma in the assay animal, for if hemolysis were to 
occur, the assay results would represent a summation of the erythropoietin 
in the plasma being tested and the erythropoietin produced in the animal in 
response to its own anemia. Prior to undertaking this study, we had estab- 
lished to our own satisfaction the absence of a hemolytic effect of human 
plasma in the rat. Twenty plasma samples, stored at —16° C. were seleeted 
for this purpose beeause previous assays of aliquots of these speeimens were 
positive. When assays were repeated, the hematocrits of the assay animals 
were also determined. In no instance was there a fall in the average hemato- 
erit of the assay animals when compared to the hematocrit of control assay 
animals receiving either saline or plasma from normal donors. Tlenee, em- 
ploving the technique of assay as described here, we were of the opinion that 
a hemolytic effect of 2 daily injections of plasma obtained from anemie pa- 
tients was excluded. 

Ilowever, since completion of this study, Lowy and e@o-workers!® have 
deseribed the hemolytic effect in starved rats of 3 daily injections of plasma 
obtained from rabbits made anemic by phenylhydrazine. It would therefore 
appear desirable to incorporate routine hemoglobin or hematocrit determina- 
tions of assay animals into the procedure particularly when whole plasma 
of a species different from that of the assay animal is being employed. 

The significance of negative assays, discussed in detail in a previous pub- 
lication,” continues to remain obscure. The role of erythropoietin deficiency 
in the pathogenesis of anemia cannot be adequately assessed until more 
quantitative and sensitive assay methods are perfeeted or erythropoietin is 
available for clinical testing. 
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SUMMARY 


1. The plasma and heat-denatured extract of plasma of 19 anemic pa 
tients were assayed for erythropoletic-stimulating properties in hypophy- 
sectomized and starved rats of the Sprague-Dawley strain. The results were 
compared to normal values established by testing normal plasma and a heat 
denatured extract of it, obtained from 12 donors. 

2. The most sensitive procedure in this study was the assay ol whole 
plasma in the starved rat, where 12 of the 19 specimens were positive. 

3. Appreciable losses of activity result when plasma proteins are removed 


y heat-denaturation. 
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REACTIONS IN THE LATEX-FIXATION TEST FOR RHEUMATOID 
ARTHRITIS WITH SERUM OF SYPHILITIC INDIVIDUALS 
NORMAN BLOOMFIELD, M.S. 


ALBANY, N. Y. 
WITH THE TECHNICAL ASSISTANCE OF Marcit RUBIN 


KACTIONS have been reported in latex-fixation tests for rheumatoid 
R arthritis of serum from individuals known to have syphilis and of serum 
vielding reactions in serologie tests for syphilis. Rheins and co-workers! ob- 
tained reactions in 7 out of 24 eases of syphilis; Rothermich and Philips* re- 
ported reactions in 2 eases of SCrOPOSItiVe, treated, latent svphilis, but no 
reactions in a treated case of neurosyphilis nor in 4 seropositive cases with 
syphilitic status undetermined. More reeently, Peltier and Christian,® while 
employing the tannated-erythrocyte hemagglutination test for rheumatoid ar- 
thritis, obtained 16 reactions with 147 syphilitic sera. Latex-fixation test results 
were also given in 14 out of the 16 cases. Eleven reactions were obtained with 
the latter test. Data given indicate that the faetor responsible for reactions is 
not svphilitie reagin. 

The present paper reports the results of further investigation of the fre- 
queney.and intensity of the reactions obtained in the latex-fixation test with 
syphilitie sera. A series of 232 specimens from individuals with syphilis was 
studied. Data are also given on an additional case of serologie reactions sug- 
gestive of rheumatoid arthritis in a syphilitie individual, which was studied 
earlier. This case, whieh in part stimulated this study, was followed for ap- 


proximately 5 vears, with interesting results. 


MATERIALS AND METHODS 


Syphilitic sera were selected from those submitted for control of treatment; all gave 
t+ reactions in the New York State slide flocculation test for syphilis and titers of 0 to 140 
in the New York State complement-fixation test for syphilis. Each of these specimens was 
tested by the I[yland-RA test for rheumatoid arthritis. This commercially distributed slide- 
test modification of the latex-fixation procedure is very rapidly performed, The manufacturer’s 
instructions were followed. 

Reacting sera were further examined by a modification of the original tube technique 
of Singer and Plotz4 in accordance with mimeographed instructions distributed by the authors. 
The modifications consisted primarily of the substitution of the glycine-buffered saline solu 
tion, pH 8.2, as diluent, for borate-buffered saline solution, pH 8.2, and the definition of a 
**positive’’ test as one giving agglutination in serum dilutions greater than 1:20, i.e., beyond 
tube 1, after 90 minutes’ incubation at 56° C., or greater than 1:160, i.e., beyond tube 4, 
after overnight refrigeration. The degree of agglutination was recorded on a scale indicated 
in Table T. The last 2+ or greater reading was considered the end point. 
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REACTIONS IN LATEX-FIXATION TEST FOR ARTHRITIS 75 


In the examination of 155 specimens from 148 individuals submitted to this laboratory 
for serologie tests for rheumatoid arthritis, the slide and tube procedures appeared to he 
similar in sensitivity.9 In the Ilyland-RA slide test, 39 specimens gave a reaction, 8 gave 
a weak reaction, 104 gave no reaction, and 4 showed variable results. In the Singer and 
Plotz tube test, 45 gave a reaction, IOS oave no renetion, and 2 showed variable results. 

In order to determine, for purposes of comparison, the extent of reactivity of pre 
sumably normal sera, 200 premarital specimens yielding no reaction in the New York State 
slide flocculation test were examined by both procedures. In the case of this group only 
the initial 1:20) dilution of the sera was tested in the Singer and Plotz tube test. 

Gamma globulin (dried Squibb plasma fraction II) was obtained through the courtesy 
of the Ameriean Red Cross Blood Program: Dow polystyrene latex particles were received 


from the Arthritis and Rheumatism Foundation. 


RESULTS 


None of the 200 presumably normal specimens reaeted in the Hyland-RA 
test. In the Singer and Plotz tube test, the maximum agglutination observed 
in this group was + after 90 minutes’ ineubation at 56° C. and + after refrigera- 
tion overnight. 


Of the 232 specimens from individuals with syphilis, 10 gave reactions and 
) gave weak reaetions in the Hyland-RA slide test. Results with these specimens 
are shown in Table IT. Nine of the 10 specimens which elicited reactions in this 
test also vielded reactions in the tube latex test according to the above eriteria, 
but none of the sera that were weakly reactive in the former test were reactive 
in the latter. It should be noted, however, that agglutination in the tube test 
with all 15 specimens was greater than that eneountered with any of the 200 
presumably normal specimens examined. 

Inquiries from physicians who submitted these specimens revealed that 
only 1 of the patients whose serum reacted in the latex test had symptoms in 
any way suggestive of rheumatoid arthritis; this was a 72-vear-old woman with 


avery mild form of asymptomatie hypertrophic arthritis of both hands. 


DISCUSSION 


The results strongly suggest that false-positive latex-fixation tests for rheu 
matoid arthritis occur occasionally with serum of patients with syphilis. The 
behavior of the serum in 1 ease of syphilis suggests, however, the possibility 
that reactions in tests for rheumatoid arthritis may anticipate clinieally apparent 


disease and may not necessarily indicate a false-positive reaction due to syphilis. 


Case History——M. M., a 46-year-old Negro woman, was hospitalized in 1947 with a 
diagnosis of psychosis with syphilis of the central nervous system, meningo-encephalitic type. 
Specimens of blood examined that year showed titers as high as 200 in the complement 
fixation test for syphilis. The New York State macroprecipitation and microprecipitation 
tests for syphilis and the V.D.R.L. slide test were also reactive. With cerebrospinal fluid 
a titer of greater than 10 was obtained in the complement-fixation test for syphilis and a 
first zone or ‘‘paretie’’? type of curve in the colleidal gold test. The patient was treated 
With malaria and arsenical drugs; also twice with penicillin. By 1959, the complement 
fixation titer of the blood had fallen to 5 and that of the cerebrospinal fluid to 3. The first 


serologic abnormality suggestive of rheumatoid arthritis was noted in September, 1953, when 


a specimen of blood agg utinated sheep red blood cells in the complement fixation test for 
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syphilis but failed to agglutinate unsensitized cells in the conventional test for heterophile 
antibodies, Similar results were obtained with blood specimens collected in December, 1953, 
and again in Deeember, 1954. Euglobulin fractions from each of the latter 2 specimens, 
precipitated in the cold by the method of Svartz and Schlossmann,® reacted in a hemag 
glutination test for rheumatoid arthritis. In reply to an inquiry made in Deeember, 1954, 
information was received that the patient did not have a history or evidence of rheumatoid 
arthritis. 

\ latex-fixation test was performed on a specimen of blood collected in July, 1958, 
and a titer of 1:1,280 was obtained. Inquiry was again made regarding the patient’s status 
and the following clinical evidenee of rheumatoid arthritis was reported: 


‘*Proximal finger joints are especially affected and at the present they are showing 


varying degrees of ankylosis. X-rays showed narrowing of the joints in her hands (earpal 
hone joints and interphalangeal joints). This patient’s shoulder joints showed narrowing 
With some enaleifieation. ler right knee shows narrowing with eburnation of the articular 
margins. X-ray suggests evidence of rheumatoid arthritis with possibly superimposed 


osteoarthritis of the right knee.’’ 


Further questioning revealed that clinical evidence of rheumatoid arthritis first ap 


peared in late 1954, at which time the patient e¢ mplained of pains in the knees. 


Although psychotie patients often minimize symptoms, it appears that the 
serologie findings may have anticipated elinieal symptoms by about a year. In 
view of this possibility, it seems necessary to follow the 15 eases previously dis- 
cussed and any other eases of syphilis with serologie evidence of rheumatoid 
arthritis for several vears before reactions in latex tests ean be said with eer- 


taint, to be falsely positive, 


SUMMARY 


oo 


Fifteen of 252 specimens from individuals with syphilis reacted in latex 
fixation tests for rheumatoid arthritis to an extent not ordinarily encountered 
with normal serum. Fourteen of these individuals had no history or evidence 
of rheumatoid arthritis; the fifteenth had a very mild form of asymptomatic, 
hypertrophie arthritis of both hands. 

While these findings strongly suggest that syphilis may cause false-positive 
reactions in latex-fixation tests for rheumatoid arthritis, the cireumstanees sur 
rounding an additional case indicate that svphilitie patients showing serologic 
evidence of rheumatoid arthritis will have to be followed for several years to 
rule out impending elinical arthritie disease. 
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ESTIMATION OF LEFT-TO-RIGHT SHUNT FROM ARTERIAL 
DILUTION CURVES 
STEFAN JA. Carter, M.D..* Dusan F. Basec, M.D., EpuAarpo YANNICELLI, M.D., 
wo Eart H. Woop, M.D., Pu.D. 
ROCHESTER, MINN. 


RTERIAL dilution eurves recorded for patients with left-to-right shunts, 
A following injection of the indicator into the venous cireulation, are char- 
acteristically distorted. The distortion censists of a decrease in peak eoncen- 
tration, prolongation of the disappearance phase frequently associated with a 
break on the disappearanee slope, and decrease or absence of the systemic re- 
circulation peak.' Sinee the distortion is caused by the recirculation of the 
dyed blood through the lungs, the degree of distortion is greater in the presence 
of larger shunts. 

In 1954, Broadbent and Wood? demonstrated a positive correlation between 
the magnitude of the left-to-right shunt and the ratio of the disappearanee 
time to the build-up time (DT/BT) of arterial dilution curves recorded after 
injeetion of an indicator into an antecubital vein. The disappearance time was 
obtained by extrapolation directly on the photographie recording of the dis- 
appearance phase of the curve along the visually best-fitting straight line to its 
intersection with the base line of zero concentration of the indieator.' This 
method, although reasonably satisfactory for dilution curves recorded after in- 
jections into a peripheral vein, usually cannot be applied to curves reeorded 
after injections of the indieator into more central sites, such as the pulmonary 
arteries. This is due to the fact that sueh curves are more sharply defined than 
those obtained after injeetion of the indicator into a peripheral vein® and thus, 
when a left-to-right shunt is present, show a definite break in the disappearance 
phase of the curve with a change in the slope which makes extrapolation of the 
disappearanee pl 


ase of the dilution curve by a single visually best-fitting 
straight line impossible. 


The present report deseribes a simple method of estimating the magnitude 
of left-to-right shunts from arterial dilution curves based on ratios of the eon- 
centrations of indicator measured at specific instants on the dilution eurve. 
This method ean be applied successfully to curves recorded after injections of 
indicator at seleeted peripheral or central sites, and the measurements required 
are not subject to errors of interpretation. 
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MATERIALS AND METILODS 


Arterial dilution curves, obtained after injection of the indicator into the central 
venous circulation of a normal subject and a patient with a left-to-right shunt, are compared 
in Fig. 1. Except for the short interval after the peak concentration has been reached, the 
concentration values during the disappearance phase are larger in the patient with a shunt, 
and it might be expected that the larger the shunt the greater will be the concentration at 
a given instant after the peak. Hlowever, the absolute coneentrations also depend on other 
factors, such as the amount of indicator injected, size of the patient, eardiae output, and 
the volume of blood between the site of injection and the sampling site. These factors 
which vary from patient to patient and influence the contour and amplitude of the curve. 4 
have to be compensated for, as suggested by Broadbent and Wood,2 if the degree of distor 
tion of indieator-dilution curves related to the magnitude of the left-to-right shunt in dif 
ferent patients is to be validly compared. In the present study, compensation for variations 
in timing and amplitude of the curve caused by the nonspecifie factors mentioned was ob 


tained by measuring concentrations on the disappearance phase of the curve at a time equal 










Normal Subject 






~ Patient with 
Left-to-Right Shunt 


BT = Build-up Time 

Cp = Peak Concentration 

Cip+Br) = Concentration at Instant Once 
the Build-up Time after the Peak 

C(p+2BT) = Concentration at Instant Twice 

the Build-up Time after the Peak 











he 10 seconds — 
5 cm. 
Fig. 1 Comparison of arterial dilution curves obtained following injection of the indica 


tor into the venous circulation of a normal subject and a patient with a left-to-right shunt 
The concentration values at instants of time once [C,p.a7)] and twice [Crp 4en7r)] the build-up 
time (BT) after the peak concentration (Cp) are measured as _ illustrated Note that these 
concentrations are greater in the patient with a left-to-right shunt than in the normal subject 


to the build-up time after the peak deflection [Cp . pr] and at a time equal to twice tl 

build-up time after the peak deflection [Cyp . orm] as illustrated in’ Fig. 1, and then by di 
viding the concentrations at these specific points on the disappearance phase of the eurve by 
the peak concentration (Cp) of the curve. The values obtained, designated as disappearances 
ratios, were then correlated with the magnitude of the shunt. The disappearance ratio 
Cop. pr /Cp] has been used previously by Fox and Woods to quantitate the prolongation o1 
the disappearance slope caused by a left-to-right shunt in comparing dilution curves obtained 
using Evans blue and methylene blue as indicators and by Woodward and co-workers® and 
Marshall and co-workers? to differentiate patients with predominant mitral stenosis andre 
vurgitation, 

In addition, the ratio of the least concentration to the recirculation concentration 
Cy/Cy) Was measured in all the curves recorded after injection into the pulmonary artery, 
in which there was a discernible systemic recirculation peak. In curves in which no reci 
culation peak was apparent the C,/Cy ratio was considered to be greater than 1.0.) This 
concentration ratio has been used previously to distinguish between patients with predominant 


mitral stenosis and regurgitation.’ 
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One hundred dye-dilution curves of 47 patients (22 males and 25 females) with left 


to-right shunts were studied. The mean age of the group was 28 years with a range of 3 
to 56 vears. Fifteen patients were less than 20 years of age, and 3 were less than 10 years 
old. None of the patients included in this study showed evidence of a right-to-left shunt 


either from data on oxygen saturation of arterial blood or from the dilution eurves. The 
group included 2S patients with interatrial communications, 15 with interventricular com 
munications, and 4 with patent ductus arteriosus. In addition, 55 curves from 31 normal 
subjects were analyzed to obtain the range of values for these ratios encountered in healthy 
individuals. Also twenty-one dilution curves from 14 patients with stenotie valvular disease 
were analyzed to obtain data concerning the effect of varying degrees of congestive heart 
disease on these ratios. The averages and ranges of the systemic blood flow were 3.5 
2.3 to 6.9), 34 (1.7 to 8.0), and 2.3 (1.5 to 3.5) L. per minute per square meter, respec 
tively, for normal subjects, patients with left-to-right shunts, and = patients with stenotic 
valvular disense. 

Right-heart catheterization was performed in all patients and subjects with the tech 
niques previously deseribed which included measurements of intracardiac and vascular pres 
sures and the oxygen saturation of multiple blood samples withdrawn from these sites.9, 19 
The indicator was injected into the main pulmonary artery, one of its branches, the right 
ventricle, or a vena cava. Beeause of the phenomenon of preferential shunting from = the 


right as compared to the left lung in patients with interatrial communications,!! only dilu 


tion curves obtained after injections into the right ventricle or the venae cavae were used in 
those patients. Evans blue dye (T-1824),* in doses of 7.5 to 15.0 mg., was used as the 
indicator for 53 injeetions into 26 patients with left-to-right shunts, for 55 injections into 
}L normal subjects, and for 21 injections into 14 patients with stenotic valvular disease. 


»- - = 


Cardio-green dye (indoevanine green),t in doses of 2.5 to 7.5 m was used for 47 injee 
tions into 21 patients with left-to-right shunts. When cardio-green was given, the patients 
vere breathing ain When Evans blue was given, all the normal individuals, all the patients 
With stenotic valvular disease, and 17 patients with left-to-right shunts were breathing 100 
per cent oxy gea, whereas 4 patients with shunts were breathing air. The injections of Evans 


blue were made in 


to the remaining 5 patients with left-to-right shunts both while they were 
breathing air and while they were breathing 100 per cent oxygen, 

The curves were recorded by means of a cuvette oximeter attached to an indwelling 
“0-gauge needle placed in the radial artery. The concentrations were measured from the 
photographie records in relative units of deflection in centimeters and were eonverted into 
absolute concentration values expressed in milligrams per liter from the calibration curves 
of the oximeter. The disappearance ratios, Cyp . py /Cp and Cyp . sxx /Cp, were ealeulated both 


om relative concentrations deflections in centimeters and from the absolute coneen 


trations, 
The shunt, expressed as per cent of pulmonary flow, was caleulated from the formula: 
(Qp Q. x 100 
Qp 


vinere Q)) equals pulmonary tlow and Qs equals systemic flow. ealeulated by the Fick method. 


Shunt 


The Fick determination was made while the patient was breathing air or oxygen, whichever 
as used during the recording of the dilution eurves for that patient or subject. Since none 
f the patients had evidence of a right-to-left shunt, the oxygen content of blood in the 
ulmonary vein was assumed to equal that in the radial artery. In 13 patients with atrial 
septal defect in whom the oxygen saturation of inferior caval blood was not measured, 


«+ 


turation of mixed venous blood was assumed ti 


equal that in the superior vena cava plus 
per cent.! There was no apparent difference in the correlation of concentration ratios 
ith the shunt values between patients in whom only superior caval saturation was measured 


nd those in whom both vena caval saturations were known. 


*The Evans blue dye was supplied by the Warner-Chilcott Corporation 
*This dye which has also been designated tricarbocyanine dye II"? was supplied by the 
stman Kodak Laboratories and Hynson, Westcott & Dunning, Inc., of Baltimore, Mad 
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In 3 patients with interatrial communications and 3 patients with interventricular 
communications, the per cent of shunt was caleulated from the indicator-dilution curves re 
corded simultaneously from the right side of the heart and from oa systemic artery as ce 


seribed by Wood and co-workers. 
RESULTS 


The disappearance ratios derived from the relative concentrations (detlee 
tions In centimeters) were plotted against the ratios of absolute concentrations 
caleulated from the same dive curves (Fie. 2). The deviation from the line ot 
identity was small, and there was no apparent difference between the seatter 
for the Cup. pry Cp and Cyp . opr) /Cp ratios. Consequently, in the subsequent 
data only the values caleulated from deflections in centimeters are presented 
When ratios derived from concentrations expressed in absolute units (milligrams 


per liter) were used, no signifieant differences in the correlations were evident 
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RATIOS FROM RELATIVE CONCENTRATIONS (cm) 
Fig. 2 Comparison of the disappearance ratios calculated from relative deflection § in 

centimeters and absolute (mg. per liter) concentrations. The interrupted lines encompass a 
variability of + 20 per cent from the line of identity (solid line) Note the slight systematic 


difference due to the nonlinearity of the calibration curve of the oximeters in terms of dye 
concentration 


This is of practical importance, since the time required to obtain the ratio of 
deflections measured direetly from the recorded curve is much less than that 
required to convert these defleetions to concentrations and to ealeulate thi 
ratios. 

The possible effeet upon the disappearance ratios of variations in the in 
jection site on the right side of the heart was investigated by plotting the ratios 
measured from the eurves recorded after injection of the indicator into the 
superior vena cava against the values obtained in the same patients following 
injections into other sites (Fig. 3, upper panels). Variation in the injeetion site 
on the right side of the heart caused no apparent systematic difference, for 
either ratio, in the values obtained from the patients with left-to-right shunts. 
Although there was no systematic difference for the Cyp , pr)/Cp ratio of nor- 
mal subjects, the ratio Cyp,opr)/Cp of normal subjects and both ratios of 
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patients with valvular stenotic heart disease were larger after injection into 
the superior vena eava than after injection into the main pulmonary artery. 

This svstematie difference in these patients, most of whom had = mitral 
stenosis, may be related to the larger than usual volume of blood in the right 
ventricle and atrium coupled with the low cardiac output in such patients and 
in addition to the probable presence of subclinical degrees of tricuspid regureita- 


tion In some Gf the patients associated with pulmonary hypertension, congestive 
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RATIOS FROM INITIAL DILUTION CURVES 


Fig. ; Comparison of disappearance ratios obtained following injection of the indicator 
into different sites on the right side of the circulation (upper panel) and variability between 
disappearance ratios determined from repeat dilution curves at different times during the car- 
diac catheterization procedures (lower panel) The interrupted lines encompass a variability 
of + 20 per cent from the line of identity (solid line) Note: (1) that in the patients with 
left-to-right shunts there was no systematic difference between the ratios obtained following 
injection of the indicator into the superior vena cava and into other more central sites on the 
right side of the heart: however, the values of ratios C Pp p7T)/Cp and Cyp.epr)/Cpe calculated 
from the curves recorded following the injection into the superior vena cava of the patients 
With stenotic valvular heart disease and the values of ratios Cyp.4ear)/Cp in normal subjects 
were greater than those obtained after injection into the main pulmonary artery; (2) that 
there was no systemic difference between the ratios obtained from the initial and from the 
repeat curves. The average time interval between these pairs of curves was 28 minutes with 
a standard deviation of 20 minutes. 
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heart failure, and cardiomegaly. The eardiae index was less than 2.0 L./min./ M. 
in all but 2 of these patients who had unusually high disappearance ratios. This 
difference in ratios associated with injeetions into the pulmonary artery and 
vena ¢ava was small and occurred only in the lower range of values. It is un 
likely that this variation with injection sites in the central circulation would 
affect appreciably the correlation between the ratios and the magnitude of the 
shunt, since the ratios in patients with left-to-right shunts in the great majority 
of cases lie above the range in whieh this difference is apparent. 

In order to gain invormation concerning the reprodueibility of disappear 
anee ratios measured from repeated dilution curves in the same patient and io 
determine whether these ratios would vary with time during the catheterization 
procedure, the ratios obtained from multiple injections performed in the same 
patients were analyzed. For each patient the ratio obtained from each initial 
curve was plotted against the ratio of all subsequently recorded curves as illus 
trated in Fig. 3 (lower panels). The average interval between the 70 pairs of 
curves Was 28 minutes with a standard deviation of 20 minutes. There was no 
systematic change in these ratios with time. The ratios for normal subjects 
and patients with stenotie valvular heart disease are not shown because all in- 
jections into the main pulmonary artery preceded injections into the superior 

} » 


vena cava and the results appear in the upper panels of Fig. 3. 
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PER CENT OF SHUNT ( by Fick Method ) 


Fig. 4 Correlation of the magnitude of the left-to-right shunt calculated from the data 
on oxygen saturation by the Fick method with the disappearance ratios of the arterial dilu- 
tion curves The regression lines are calculated from the ratios of normal subjects and pa- 
tients with left-to-right shunts. The vertical bars represent the 95 per cent band range for 
normal subjects Note that no difference is apparent when cardio-green and Evans blue dyes 
were used as the indicators, nor for the cases with the various types of cardiac defects. 














































































The disappearance ratios obtained from the dilution curves nearest in time 
to the determination of flow by the Fick method were plotted against the magni- 
tude of the shunt calculated from the saturation data (Fig. 4). The average 





interval between these dye curves and the Fick determinations was 30 minutes 
with a standard deviation of 25 minutes. The 5 patients in whom both deter- 














minations were performed while they were breathing air and also while they 
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were breathing 100 per cent oxygen are represented by 2 points on the graph. 
A significant correlation of the ratios with the calculated magnitude of the 
shunt is evident. There is no apparent difference in the seatter of points 
around the ealeulated regression lines for patients with various types of defeets. 
Furthermore, the seatter is similar in patients in whom cardio-green and Evans 
blue dve were used. There is no striking difference in the correlation of the 
magnitude of the shunt with the 2 disappearance ratios. There was no sys- 
tematie difference in the correlations obtained between patients more than 20 
vears of age and those less than 20 vears of age. 

This correlation between the magnitude of the disappearance ratio and of 
the left-to-right shunt as determined from data on oxygen content can be used 
for the dual purpose of detecting the presence of a left-to-right shunt from an 
arterial dilution curve and for estimating the magnitude of such a shunt when 
it is known to be present. 

Estimation of the magnitude of the shunt+ean be made directly from the 
regression lines shown in Fig. 4 by reading off the per cent of shunt on the 
abseissa corresponding to the measured disappearance ratios or by calculating 
the per cent of left-to-right shunt from the regression equations : 


ee , 
Per cent L-R 141 Se ad 42 
Cp 


Per cent L-R 135 


in which per cent L-R represents the left-to-right shunt expressed as per eent 
of pulmonary flow. The other svmbols have been defined previously. The stand- 
ard deviations of the differences between the values of the shunts determined 
by the Fick and by this dye method were 8.9 and 9.6 per cent for Cyp 
and (yp, opr 


+ BT) Up 
,/Cp ratios, respectively. This variability was not significantly 
different for the dilution curves in whieh cardio-green and Evans blue dye were 
used. The standard deviation of the differences between the values for the shunt 
determined from the same dilution curve by the 2 disappearance ratios was 4.9 
per cent. 

An estimate of the sensitivity of detection of small left-to-right shunts from 
the disappearance ratio is provided by the degree of overlapping between ratios 
obtained from normal subjeets and the patients with small left-to-right shunts. 
Of the 47 patients studied, 4 had the ratios C\p , s»r)/Cp that were within the 
95 per cent band range of values for normal subjects. The magnitude of the 
left-to-right shunts in these patients was 30 per cent of the pulmonary blood 
flow or less. The ratios C,p. pr)/Cp for 6 patients with left-to-right shunts of 
35 per cent or less fell in the normal range (Fig. +). These’ data indieate, 
therefore, that shunts of less than 35 per cent of the pulmonary flow cannot be 
consistently detected by an abnormal increase in the disappearance ratio. 

As illustrated in Fig. 4, there was greater overlapping between the dis- 
appearance ratios of patients with left-to-right shunts and those with stenotic 
valvular heart disease than between patients with left-to-right shunts and the 


normal subjects. However, the overlapping in the case of Cyp , opp) /Cp ratio 
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from curves recorded after injection into pulmonary arteries was small and 
comparable to the overlapping between normal subjects and patients with left- 
to-right shunts. 

A more sensitive method for detection of small left-to-right shunts from 
arterial dilution curves is provided by a ratio of least concentration to systemic 
recirculation (Cy/Cpr) of the dilution curves recorded after injeetion into the 
pulmonary artery. The C,/Cpy ratio was elearly abnormal for the dilution 
curves recorded from each of the 35 patients with left-to-right shunts of greater 
than 35 per cent of pulmonary flow. In faet, this ratio was greater than 1.0 
in 31 of these patients since a discernible systemic recirculation peak was evi- 
dent on the dilution eurves recorded from only 4+ of these 35 patients, whereas 
an evident recirculation peak was present on the dilution curves recorded from 
all of the 12 patients with shunts of 35 per cent or less. The Cy/Cy ratios 
caleulated from the eurves of these 12 patients ranged from 0.53 to 1.0 and 
were uniformly inereased above the average values obtained in normal subjeets 
or cardiae patients with stenotic lesions but without valvular regurgitation; 
only one value 


0.53) was less than 0.65, which is the upper limit of range 
found in individuals without shunts or regurgitation (Table 1). This degree 
of sensitivity in detecting small left-to-right shunts does not compare untfavor- 
ably with that provided by conventional cardiac catheterization based on deter- 
minations of differences in blood oxygen saturations from different sites in the 
right heart, since, under favorable cireumstances, the minimal left-to-right 
shunt detectable by the latter method ranges from approximately 10 to 20 per 
eent of pulmonary blood flow. 


TABLE I. AVERAGE AND VARIABILITY OF LEAST CONCENTRATION TO THE SYSTEMI 
RECIRCULATION RATIOS (C,,/Cy) OBTAINED FROM ARTERIAL DILUTION CURVES 


INJECTION SITE: PULMONARY ARTERY; SAMPLING SITE: RADIAL ARTERY 
CARDIAC PA- | PATIENTS WITH LEFT-TO-RIGHT 
MNENTS* WITHOUT SHUNTS OF: 
HEALTHY LEFT-TO-RIGHT 35 PER CENT MORE THAN 35 
SUBJECTS SHUNTS OR LESS PER CENT 
Number 23 14 12 35 
Average ratio 0.42 0.34 0.84 “> 29 
Range 0.26-0.60 0.16-0.65 0.53-1.0 0.90 to » 1.0 
Standard deviation 0.09 0.19 0.14 7 


*Patients suspected of having valvular regurgitation on the basis of clinical or surgical 
findings were not included 


DISCUSSION 


The objective of this study was to develop, if possible, a simple method of 
detecting and estimating the magnitude of a left-to-right shunt from dilution 
curves recorded from a systemic artery following a sudden single injeetion of 
indieator into the central cireulation. The lack of an accurate standard of 
reference was one of the chief difficulties in this study, since the error in the 
accepted method of detecting and measuring left-to-right shunts by differences 
in oxygen content of the blood at various sites in the central cireulation is, in 
itself, in the range of 10 to 20 per cent. The finding that the standard deviation 
of the differences between values for left-to-right shunts determined by differences 
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in oxygen content and by this dye method was less than 10 per cent suggests 
that the error in the dye method prebably does not exceed that of the oxygen 
content method. It is possible that by averaging the values of the shunt ob- 
tained from the 2 disappearance ratios, the error of this dye method may be 
reduced even further. 

During the period of this investigation, an independent and sensitive 
method fer detection and quantitation of the left-to-right shunt beeame available. 
This method is based on dilution eurves recorded from the right side of the 
heart at a site downstream from the shunt after injection of the indieator into 
the distal part of the pulmonary cireulation.'? The magnitude of a left-to-right 
shunt can be calculated from a ‘*venous’’ dilution curve and the curve recorded 
simultaneously from a systemie artery as described by Wood and co-workers." 
(‘omparison of the values of the left-to-right shunt determined by this method 
from venous dye curves recorded in 6 patients with values determined by the 
disappearance ratio method from the arterial dilution curves recorded from 
these same patients is shown in Fig. 5. The relatively small degree of variability 
obtained between the values of the shunt determined by these 2 independent 
indieator-dilution methods probably provides a better indication of the reliability 
of the disappearance ratio method than does comparison with values for the 
shunt determined trom differences in oxygen content. 

Although the disappearance ratios of normal subjects and patients with 
left-to-right shunts of 35 per eent or less overlap, when a clearly defined break 
on the disappearance slope is present the magnitude of the shunt may be esti- 
mated by the disappearance ratio method even if the aetual ratios should fall 
within the range of normal. Furthermore, calculation of the ratio of the Jeast 
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PERCENT OF SHUNT ( Right Heart Dilution Curves ) 


Fig. 5.—Correlation between the values of the left-to-right shunt obtained from the dis- 
appearance ratios of arterial dilution curves and the magnitude of the shunt calculated from 
dilution curves recorded simultaneously from the right side of the heart and from 
artery The interrupted line encompasses a variability of + 20 per 
identity (solid line). 
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concentration to the systemie recireulation concentration (Cy/Cr) is of value 
in those borderline cases in which visual inspection of the dilution curve does not 
indicate clearly whether the disappearance phase is distorted significantly. The 
minimal left-to-right shunt, detectable by an abnormal inerease in the Cy/ Cy, 
ratio of the arterial dilution eurve recorded after injection into the pulmonary 
artery, apparently is of the same order of magnitude as the 10 to 20 per cent 
left-to-right shunt which ean be demonstrated under favorable cireumstances by 
detecting the increase in oxygen content produced in bleod on the right side 
of the heart.’ 

The dye method has the advantage in that the dilution curve is recorded over 
a period of less than 1 minute and the measurements and ealeulations required 
to estimate the left-to-right shunts ean be completed in a matter of minutes. 
Pulmonary blood flow also can be estimated from this dilution curve by the 
method of Dow’ or that of Ramirez de Arellano and associates.'"* No mano- 
metrie analyses of gases in the blood or measurements of respiratory exchange 
of gases are necessary for these estimations. 

If the injeetion of indicator is made into the superior or inferior vena 
cava, the presence of a right-to-left shunt will be revealed and, if it is present, 
an estimate of its magnitude can be made.'* Such a dilution eurve provides an 
excellent basis for judging the relative volumes of svstemie and pulmonary 
blood flows and henee for seleetion of such patients for cardiae surgery if the 
anatomie nature of the defect is known." 

A single dilution curve of this type is, however, of little value in localizing 
the site of a cardiae defect; it provides no information concerning intracardiae 
pressures, and, furthermore, the distortion produced by a left-to-right shunt and 
valvular regurgitation may be difficult or impossible to distinguish. The 
presence of appreciable bidirectional shunts or valvular regurgitation precludes 
quantitation of the shunts and blood flow by this dye method. 

The degree of sensitivity in deteeting left-to-right shunts provided by this 
method, even if combined with caleulation of the Cy/Cp, ratio, leaves much to 
be desired and has been improved on by the reeently reported foreign gas tech- 
niques'’*! and particularly by the method of recording dilution curves from 
the right heart downstream from the shunt following injection of indicator 
into the distal pulmonary cireulation.'* '* Although the teehnique of recording 
dilution curves from the right side of the heart is considerably more eumber- 
some than the dilution technique deseribed herein, it is the procedure of choice 
if precise localization and quantitation of a small left-to-right shunt are required. 
Diagnosis and elucidation of the hemodynamics associated with multiple or 
complicated defects require combinations of various techniques and methods 
available in a fully equipped cardiac catheterization laboratory and are beyond 
the scope of the relatively simple dilution methods described herein. 


SUMMARY 


The disappearance ratios of concentration of indicator [Cyp , yr) /Cp and 
Cop. onv)/Cp| were caleulated from more than 100 arterial dilution curves re- 
corded after injection of the indicator into the right heart or pulmonary artery 
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by measuring the deflection occurring on the disappearanee phase of dilution 
wr) | 
and at a time equal to twiee the build-up time after the peak concentration 
[Cop . envy | and by dividing by the peak deflection (Cp). One hundred of these 
curves were recorded from 47 patients with left-to-right shunts due to various 


curves at a time equal to the build-up time after the peak deflection [Cyp 


types of cardiae defeets. In addition, 21 dilution curves were recorded from 
l4 cardiac patients with stenotic valvular disease not associated with left-to- 
right shunts or valvular regurgitation, and 55 dilution curves were recorded 
from 31 healthy human subjects. The ratio of the least concentration to the 
systemic recirculation concentration (Cy/CR) also was determined from each of 
the curves that were recorded after injection into the pulmonary artery. 

A positive correlation was demonstrated between the magnitude of the 2 
disappearance ratios and the magnitude of the left-to-right shunt determined by 
differences In oxveen eontent of blood samples from the right side of the heart 
obtained at right-heart catheterization. This correlation ean be used in patients 
with unidireetional left-to-right shunts and without valvular regurgitation as a 
basis for estimating the relative magnitude of the shunt. The standard deviations 
of the differences between the values of the shunt estimated by the Cyp . rr /Cp 
and Cyp , oyry) Cp ratios and by the conventional method based on the differences 
in oxygen content of blood from the right heart and great veins were 9 and 10 
per cent, respectively. These ratios can be calculated in a matter of minutes 
from deflections measured direetly from the reeorded dilution curve without 
conversion to absolute units of coneentrations. The values are reproducible 
and, in patients with left-to-right shunts, do not change signifieantly with vari- 
ations in the site of injection on the right side of the heart. It is coneluded 
that this dilution method is considerably simpler than the oxygen content 
method for estimating the magnitude of left-to-right shunts and that its accuraeyv 
is satisfactory for most elinieal purposes. 

A discernible systemic recirculation peak was absent from all but 4 of the 
arterial dilution eurves reeorded after injection into pulmonary arteries of 35 
patients with left-to-right shunts of greater than 385 per eent of pulmonary 
flow, and was present on the curves from all 12 patients with shunts of 35 per 
cent or less. The C,,/C, ratios for all but 1 of these 12 patients were larger 
than the highest values obtained in healthy subjects or patients with stenotie 
valvular disease. It is coneluded that in the absence of valvular regurgitation 
the presence of an abnormally high (;,/Cp, ratio in the curves recorded after 
injection into pulmonary arteries is a reasonably sensitive measure for detect- 
ing a small left-to-right shunt. 


This study was made possible by the unstinting cooperation of many technical and 
professional colleagues. The authors are especially indebted to Drs. Hl. J. C. Swan, I. J. Fox, 
and A. David, and Mrs. J. Frank, Miss I. Cronin, and Mr, W. F. Sutterer for their help and 


interest in this study. 
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A FATAL HUMAN CASE OF RABIES FOLLOWING THE BITE OF A 
RABID BAT (LASTONYCTERIS NOCTIV AGANS ) 


ISOLATION AND IDENTIFICATION OF THE Virus From VECTOR AND VICTIM 


Epwin H. Lexnetrtre, M.D., Pu.D., ORLAND A. Soave, D.V.M.., 
KorcHt NAKAMURA, A.B... AND GRANDON H. KELLOGG, JR.. B.S. 
BERKELEY, CALIF. 


T IS now generally recognized that nonsanguivorous bats are susceptible to 
infection with rabies virus and that some may harbor the virus as symp 
tomless carriers, since their saliva is infectious.’ Although it 


has been re- 
ported? that experimentally infected bats (the cave bat, 


Vyotis lucifugus 
ean transmit the virus to laboratory animals by bite, there is no absolutely un- 
equivocal evidence that infeeted insectivorous or fructivorous bats can trans- 
mit the virus to man by biting. So far as we are aware, the literature 
3 instances of human rabies associated with exposure to bats. The 
first case, reported by Sulkin and Greve, 


records 


involved a woman who developed 
symptoms suggestive of bulbar poliomyelitis 3 weeks after being bitten by a 
bat which she went to examine because it was lying on the ground and ap- 
peared dead. The patient died within a few days after onset of illness and 
at autopsy Negri bodies were seen in the brain tissue. The bat, which was not 
identified, was not examined for infection with rabies virus. 
oecurred in Tndia.! 


The second case 
The patient was bitten by a bat which he attempted to 
rescue from being stoned by a group of boys. and developed rabies 3 months 


later; the bat apparently was not identified, nor was it examined for the pres- 


ence of rabies virus. The third fatality occurred in an individual who han- 


dled bats in the laboratory and in eaves harboring bat populations; there was 


no history of a bite by a bat or any other animal.” The portal of entry of the 


virus in this individual was thought to be an area of chronie eruption on the 
skin. 


The purpose of this communication is to present laboratory evidence re- 
lating a fatal human case of rabies to the bite of an infeeted bat. The elini- 
eal and epidemiologie features of this case will be deseribed in a separate 
report by Humphrey and associates.® Briefly, for present purposes, the pa- 
tient, a 53-year-old woman, was bitten (on the finger) by a silver-haired bat 
(Lasionycteris noctivagans, an inseetivorous speciest ) whieh she picked up from 
the ground where it was lying, ostensibly injured. Microscopie examination 
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nuary, 1960 
of the bat brain revealed the presenee of Negri bodies. The vietim received 
rabies hyperimmune serum and a full course of rabies vaccine* (started on 
the fourth day after the exposure) but succumbed to rabies some 2 months 
after the bites were inflicted. Rabies virus, which had been recovered earlier 


from the brain of the bat. was also reeovered from the human victim. 


MATERIALS AND METILODS 


Methods for the Detection of Virus.—Methods emploved in this laboratory for the 
diagnosis of rabies have been deseribed previously.s 

Smear or touch preparations were prepared from brain material in the usual fashion, 
stained bv Seller’s method. and examined for the presence ol Negri bodies. 

For virus isolation purposes, a tissue fragment was ground in a mortar and made 
nto a 10 per cent suspension in 0.85 per cent salt solution. After horizontal centrifuga 
tion at 2,000 rp.m. for 10 minutes, the supernatant fluid was removed, and penieillin and 


streptomycin were added in appropriate amounts to give final concentrations of 1,000 and 





9,000 units, respectively, per milliliter. The SUSpeHsion Was held at room temperature for 


60 minutes and then inoculated intracerebrally in 0.03 ml. amounts into a group of 8 
albino Swiss mice, 4 weeks of age. Aliquots of this final suspension were tested for bae 
teriologie sterility. 












Ident fication of J al Isolate. As a verification that the agent recovered was rabies 


virus, the isolate was examined in the neutralization test. Infected mouse brains were 







ade into a 20 per cent suspension in a diluent consisting 


of 0.75 per cent bovine albumin 
) 


n buffered saline solution, centrifuged horizontally at 2,500 rp.m. for 20 minutes and the 


supernatant fluid used to prepare serial tenfold dilutions in the same diluent. To 0.2 ml. 









of virus dilution was added 0.2 ml. of undiluted rabies hyperimmune serum (equine). The 
resultant mixture was well shaken and inoculated intracerebrallv in 0.03 ml. amounts into 
mice, 4 weeks of age; each mixture was inoculated into a group of 6 mice. A similar series 


of virus-serum mixtures, using normal horse serum, was prepared and inoculated into mice. 
Identification of the isolate as rabies virus was based on a neutralization index of 2 or 
at Dns 





100 mouse IL of the unknown virus. 






more, le. the neutralization ot least 





























Tissues for Histologic Examination. Portions of cerebrum, cerebellum, midbrain, and 
brain stem from the patient were received fixed in Zenker’s solution. A small block from 


each specimen was thoroughly washed, dehydrated and cleared, and imbedded in paraffin. 





Sections du thick were cut on a rotary microtome and stained with hematoxylin and eosin, 


with Giemsa’s stain, and by NSchleifstein’s method.10 


RESULTS 





Intensive examination of smears prepared from the human brain, and 
stained by Seller’s method, failed to reveal the presence of typical Negri 
bodies; while inclusion bodies were present, they did not contain the charae- 
teristic basophilic granules. Tissue sections from the region of the thalamus 
and the hippocampus, and stained by the Giemsa or Sehleifstein methods, 
showed the presence of intracytoplasmic inclusions in the neurons but no 
structures with the characteristic morphologie and tinetorial appearance of 
Negri bodies. 

The histopathologie picture was that of a diffuse nonsuppurative en- 
cephalomyelitis. The midbrain and brain stem were especially affected. 
There was a well-marked infiltration of cells into the perivascular spaces, the 


infiltrates consisting chiefly of lymphocytes with some polymorphonuclear and 





*Duck-embryo type.’ 
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microglial cells. Perivascular cuffing in the medulla and the thalamie region 
was pronouneed, and there were many foci of neerobiosis, with collections of 
microghial cells, Lymphoeytes, and polymorphonuclear cells. Neuronal de- 
veneration and neuronophagia were seen in the midbrain and brain stem. 

Blocks of unfixed tissue representing the frontal lobe, the cerebellum, 
the hippocampus, and the cervieal cord were available for virus isolation pur- 
poses; each specimen was sent to the laboratory in a separate container. A 
10 per cent suspension of each specimen was made, and inoculated intracere- 
brally into mice. Material from all 4 areas of the brain proved infective; mice 
inoculated with the cervieal cord became ill after an incubation period of 8 
days, and those inoeulated with the cerebellum, the hippocampus, and the 
cerebrum beeame ill after incubation periods of 10, 12, and 14 days, respee- 
tively. The brains of ill mice from each of the 4 inoculation groups were 
found to contain Negri bodies. Re-isolation of the agent was undertaken in 
muice, using the original cervical cord specimen, and a Negrigenie agent was 
obtained after an incubation period of 13 days. 

That the agent recovered from the human brain tissue was rabies virus 
was: further established by means of a neutralization test employing rabies 
hyperimmune serum. The intracerebral LD, of the virus in the presence of 
normal horse serum was | 10-*') and in the presence of rabies antiserum 
it was 1 = 10°'°; the neutralization index therefore was 3.4, i.e., this specific 


immune serum neutralized approximately 2,500 LD, of the viral isolate. 


DISCUSSION 


The earliest association of bats with disease apparently dates from 1908, 
When ranchers in southern Brazil noted that vampire bats were attacking 
livestock in the daytime, and that the bitten animals subsequently suecumbed 
to a paralytic disease.'' In 1911, Carini’? identified this paralytie disease as 
rabies and suggested that it might be transmitted to livestoek by vampire 
bats. Some years later (1921) Haupt and Rehaag'’ also concluded that the 
repeated epizootices of paralytic disease among livestock in southern Brazil 
were outbreaks of rabies transmitted by sanguivorous bats. In 1951, Hurst 
and Pawan'? reported an outbreak of human rabies with the simultaneous 
occurrence of rabies in cattle; im man, as in cattle, the disease took the para- 
lytie form. The authors suspected that the virus was transmitted to both 
man and cattle by the vampire bat (Desmodus rotundus murinus Wagner) ; 
subsequently, this bat was definitely incriminated as a veetor of human 
rabies! 

Rabies in the Order Chiroptera is not limited to vampire bats, however. 
Thus, Haupt and Rehaag' reported the occurrence of natural infection in a 
fruit-eating bat from Brazil, and Pawan! '® reported natural infeetion in 
both fruetivorous and inseetivorous species in Trinidad. 

Generally speaking, the bats of the New World ean be divided into three 
large categories according to their feeding habits, viz., sanguivorous, fruetiv- 
orous, or insectivorous. The insectivorous bats may be subdivided into free- 
living and colonial species, the former living an individual existence in trees 
and bushes, the latter living as members of a colony within eaves, belfries, 
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atties, ete. Apparently only insectivorous bats are found in the United States, 
the SUNLULVOrOUS and fruetivorous species being confined to Latin Ameriea.! 

In the United States, the first isolation of rabies virus from an insectiv- 
orous bat was made by Venters and associates’ in Florida in 1953. Sinee 
that time, many additional isolations of virus have been made from insectiv- 
orous bats in Florida'’ and other states.!’ , llowever, reported attacks 


on human beings by nonsanguivorous bats have been few: specifically, there 





have been only 6 such reported instances of which we are aware. Two were 


reported by Venters and associates,’ one by Witte*’ one by Grimes and 
co-workers?! one by Sulkin and Greve,’ and one from India.* In 3. in- 
stances, "=! the biting bats were shown to be rabid; the victims, who 
received antirabies vaccine, remained well.* In the fourth instance, men- 


tioned by Venters and associates,'> the individual was bitten when examining 
bats, and 6 days later developed severe headache, nausea and fever; the 
symptoms subsided after 4 days.* The fifth case is that reported by Sulkin 
and Greve’ of a woman who was bitten by a bat and 3 weeks later developed 


what was considered to be a bulbar poliomyelitis. The patient succumbed 





to the illness, and histopathologic examination of the brain revealed the pres- 


ence of Negeri bodies. The offending bat was not available for identification 



















or for viral studies. However, ‘the history together with the histopathologic 
findings strongly suggests that the bat bite was the source of the rabies in- 
rection.’” The sixth ease, reported from India.’ is that of a man who devel- 
oped rabies 3 months after being bitten by a bat—the bat was not identified 
or examined for infection with rabies virus. 

While the incident deseribed by Sulkin and Greve strongly points to a 
eause and effect relationship between the bat bite and fatal rabies in the hu- 
nan vietim, the episode deseribed in this paper not only supports their pre- 
sumption, but serves definitely to incriminate a free-living insectivorous bat 
the silver-haired bat, Lasionycteris noctivagans) as a veetor of the virus to 
man and possibly to other animals as well. The bat involved was definitely in- 
rected with rabies virus; Negri bodies were seen in smears of the brain stained 
by Seller’s method and the virus was isolated from the brain. The virus was 
likewise recovered from the brain of the patient who, despite the administra- 
tion of rabies hyperimmune serum and a complete prophylactic course of rabies 


accine, succumbed to infection. 
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A fatal case of human rabies following the bite of a silver-haired bat, 
Lasionycteris noctivagans, a free-living insectivorous species, is reported. This 


is believed to be the first instance in whieh evidence for a cause and effect 





relationship of bite to infection is complete, since the virus was recovered 
from both the vector and the vietimn. 








*The offending bat was not examined for rabies virus, and the clinical course was such 
as to Suggest that some agent other than rabies virus was etiologically responsible for the 
illness \lso, it is uncertain whether this illness was a consequence of the bat bite, even 
though there was no other apparent source. It is of interest that the patient on whom the 
case report by Venters and co-workers® is based, and who was bitten by a bat proved to be 
rabid, suffered a similar illness which developed suddenly 28 hours after the bite; the symp- 
toms subsided within hours and rabies immunization was started. 
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The patient suecumbed to infection despite prophylactic treatment with 
rabies hyperimmune serum and a complete course of rabies vaceine, duck- 


embry oO type. 
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EPORTS of splenie infaretion during air flight,’° pulmonary infaretion, 
R spontaneous hematuria,” and impairment of renal function in individuals 
with sickle cell trait? indicate that this heterozygous hemoglobinopathy is not 
always an innocuous, asymptomatie, genetic abnormality.’’ Nevertheless, since 
unrestricted activity and normal life expectaney are commonplace among in- 
dividuals with sickle cell trait, the incidence of overt disease must be very small. 


Because a large segment of the population!!! possesses AS hemoglobinopathy, 








it seemed appropriate to study the influence of ordinary blood bank storage 


of sickle cell trait blood upon erythrocyte survival. 


METHODS 














One donor with ordinary \A) hemoglobin and 2 donors with AS hemoglobinopathy, 
who were normal in all other respects, were selected. Five hundred milliliters of venous blood 
from each donor was aspirated into an evacuated blood bottle previously prepared with 120 
ml. ACD anticoagulant. The usual blood grouping and typing as well as serologic tests for 
syphilis were performed. The blood was stored in the blood bank refrigerator at 4° C, 

On the first, eighth, fifteenth, and twenty-second days of storage, 30 ml, aliquots of 


blood were removed from a bottle which contained erythrocytes with AA hemoglobin, and 
on the first, eighth, fifteenth, and twenty-first days, in 1 instance, and on the first, eighth, 


seventeenth, and twentieth days, in the other instance, 80 ml. of blood was aspirated from each 





of 2 bottles containing erythroeytes with AS hemoglobin; aseptic technique was used. 














Each aliquot was labeled with Cr.51 as sodium chromate, according to a modification of the 
method of Read and co-workers. !2 Immediately afterward, the labeled erythrocytes, suspended 
in their native plasma, were injected intravenously into a group- and type-specific volunteer, 

ose hemoglobin genotype was AA. Survival of the homologous hemoglobin AA and hemo 


globin AS erythrocytes, respectively, was determined, 


RESULTS 





Fig. 1 is a composite graph demonstrating erythroeyte survival of blood, 
from a donor with hemoglobin genotype A.A, in each of 4+ compatible recipients 
whose hemoglobin genotypes were AA. Transfusion was after 1, 8, 15, and 22 
days of storage. Blood bank storage exerted no prejudicial effeet upon erythro- 
evte survival. There was no signifieant difference in the half-life (T') values; 


this indicates similar survival following these periods of storage. 
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Fig. 2 presents similar data which were obtained following the transfusion 
After 1, 8, 
and 15 days of storage had elapsed, ervthroes te survival in compatible recipients 


of stored blood from Donor 1, whose hemoglobin genotype is AS. 


with hemoglobin genotype AS was normal and similar to that of stored hemo- 
evlobin AA blood. 


by the half-life appears to be within the normal range, although survival is 





After 2] days ot storage, erythrocyte survival as expressed 
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Fig. 2 Posttransfusion survival of homologous erythrocytes from Donor 1 (AS hemoglo- 
binopathy) following blood bank storage of 1, 8, 15, and 21 days. 
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slightly shortened when compared to blood stored for 1, 8. or lo days. Also, 
there is a suggestion that 2 erythrocyte populations are present: a small com- 
ponent of effete cells whose half-life is about 15 days, and a larger component 


of normally resistant eells whose half-life is about 27 days. 
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Similar results are presented in Fig. 3, in which survival of erythrocytes 
from Donor 2 with AS hemoglobinopathy is plotted. Following 1, &, and 17 
days of storage, erythroeyte viability appears to be normal and unchanging. 
Again, however, following 20 days of storage, there is a suggestion of a slight 
shortening of erythroeyte life, whieh may be associated with 2 populations of 
cells. There is a smaller population of cells with a half-life of about 13 days, 


and a larger population of resistant cells with a half-life of about 24 days. 


DISCUSSION 


It has been previously reported that erythrocytes from individuals with 
sickle cell trait possess normal survival characteristics.'*: 1! Tlowever, these 
studies were performed with the use of freshly shed blood. The possibility 
that blood bank storage might produce significant shortening of erythrocyte 
survival remained; therefore, the present study was undertaken. 

The survival time of stored AS erythrocytes appeared to be completely 
normal and almost identical following 1, 8, 15, and 17 days of storage, but fol- 
lowing 20 to 21 days of storage, there was a suggestion of initial shortening 
of survival. A two-component survival pattern was apparently responsible for 
the initial sagging of the curve, and this suggests that after such prolonged 
storage, there may be at least 2 cell populations; a relatively smaller population 
of exeeedingly fragile cells and a much larger population of normally viable cells. 
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Comparison of these curves with those obtained from a similar experiment 
using stored blood from a donor with hemoglobin genotype AA reveals no es- 
sential difference, except after 20 to 21 days of storage. On the basis of these 
observations, it seems quite certain that blood bank storage imposes no signifi- 
cantly greater prejudicial effect upon erythroeytes from AS donors than upon 
those from donors with genetically ‘‘normal’’ hemoglobin. The corollary of 
this observation is that siekle cell trait blood may be stored in blood banks for 
the accepted periods of time and that it may be transfused without fear of pro- 
voking a hemolytic reaction. 


SUMMARY 


Blood collected from donors with sickle cell trait was stored under routine 
blood bank conditions. Eryvthroevte survival studies, begun 1, 8, 15, and 17 
days following collection, revealed no significant reduction over what might 
he expeeted in stored blood from donors with the hemoglobin genotype AA. 

Following 20 to 21 days of storage of AS erythrocytes, there may be 2 
populations of eells present; a smaller relatively fragile population and a con- 
siderably larger normally resistant populetion. 

Blood obtained from sickle cell trait donors provides no additional risk 
of hemolysis to the reeipient and may, therefore, be treated in a routine fashion 
in the blood bank. 
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MAGNESIUM BALANCE STUDIES IN CIERONIC ALCOLOLISM* 


Ropert J. MeCouuisrer, M.D... EpmMunNp B. Fuink, M.D... Pu.D., ANb 
RicHarp P. Dor, M.D. 
MINNEAPOLIS, MINN. 


Hi magnesium deficiency syndrome in man‘?! is characterized by fine and 

coarse tremor of the extremities, choreiform and athetoid) movements of 
all museles, faseiculations of the tongue, convulsions, sweating, and varvine 
degrees of mental clouding, progwre ssing to delirium and coma. 

The serum magnesium concentration is usually low in patients with this 
syndrome but may be normal. Serum potassium concentration Is a poor index 
of bods stores of potassium under certain eircumstanees.'? — [t is possible, there- 
fore, that a similar diserepaney between serum concentration and body stores 
might oecur in the instance of the other major intracellular eation. 


Low serum magnesium concentration is found most often in patients with 


chronie aleoholism,” '®° in patients who have been maintained for long periods 
on magnesium free parenteral fluids after operation or while seriously ill with 
vomiting or diarrhea,’ ?*° 1) in patients with acute pancreatitis,’ idiopathic 
steatorrhea,’! malnutrition from various eauses,’’ hyperparathyroidisin'’ '! os 


teolytie bone disease,’ diabetie acidosis following treatment,'® and hyper 
thyroidism. 

A normal person eating a general diet does not develop magnesium de- 
pletion since magnesium is present in most foods. Meat, dairy products, cereal 
grains, and nuts have a high magnesium content." 

Magnesium balanee studies were done during the recovery of a group of 
tremulous and hyperkinetic individuals with chronie alcoholism to determine 


whether total body magnesium deficieney existed in such patients. 


METHODS 


Seven adult men, hospitalized for treatment of peptic ulcer, served as controls. Mag 


nesium balances were measured over periods ranging from 4 to 8 days. The diet consisted 
of homogenized milk or half cream and half milk. Toast and egg supplements were given 


to some patients as indicated in tables. Two of the 7 control subjects were given intra 
muscular magnesium sulfate on 2 and 4 day periods, respectively, during the study. The 
magnesium intakes in Tables [II], IIT, and V are recorded as ‘*‘ measured’? intake for amounts 
actually measured by chemical analysis and as ‘‘ealeulated’’ intake for the amounts calculated 
from food tables.1s All intakes in Table LV were measured intakes. Patients were given no 
antispasmodie drugs. The constipating effects of the diet and inactivity were controlled with 
methyl cellulose granules in water daily. 
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The magnesium balanee of 11 tremulous patients with ehronie aleoholism was measured 
over 6 to 10 day periods, In 7, the diet was identieal to the diet given the control patients, 
The 4 other patients (Table IV, C. F., R. E., W. L., and R. H.) were given a more palatable 
liquid diet composed of whole milk, orange juice, beef-vegetable puree, and chocolate malted 
milk, The magnesium content of the diet was measured daily. Five of the alcoholic patients 
were given magnesium sulfate supplements intramuscularly. 


\ll urine Was eolleeted daily. Stools were passed 1 


ito waxed eardboard containers. 
Urine, serum, and liquid food aliquots were analyzed for magnesium by the titan yellow 
method of Wolthoff as modified by Garner.1s Stools were pooled and mixed in a Waring 
Blendor. Aliquots were processed by a wet ash method using concentrated nitrie acid for 


digestion. The magnesium of the stool filtrate was measured by the titan yellow method. 


RESULTS 


Values for magnesium content of stool specimens obtained by the Shohl 
modification of Stolte’s dry ash method?” were compared with values obtained 
by the wet ash method (Table I). The results by the 2 methods agree within 
the limits of error of the colorimetrie method. The wet ash method was used 
for the balanee studies. The mean serum magnesium concentration of 36 
normal subjeets was 1.81+0.18 mq. per liter. 

In the 5 control patients with magnesium intake as diet alone (Table ID), 
the net magnesium balance over periods ranging from 4 to 8 days varied from 
a negative balance of 27 mEq. to a positive value of 17 mEq. In 2 control 
patients, who reeeived magnesium sulfate injeetions in addition to diet, the 
added magnesium was exereted in the urine. The net magnesium balances were 
plus 5 and plus 10 mEq. (Table ITI 


TABLE |. COMPARISON OF Wer ASH AND Dry ASH METHODS OF STOOL PROCESSING 


STOOL MAGNESIUM (mEq. 


PATIENT DAYS POO ) DRY ASH WET ASH 
S. k. 3 36.0 36.0 
b i. 1 52.0 24.0 
G. P. a 33.0 35.2 


TABLE IL. Five ConrroL Supsects TREATED With Drier ALON 


DURATION ORAL INTAKE (mEq.) OUTPUT (mq. BALANCE 

PATIEN'I OF STUDY MEASURED CALCULATED URINI FECES mEq. 
M.S. 5 102.0 5.4 30.4 OY.S +17.55 
G.D. t 97.7 24.9 82.0 9.2 
5. K. 5 87.9 17.6 17.5 85.0 3.1 
G. T. 6 110.2 50.2 87.0 —27.0 
GS. S 154.4 104.9 69.0 19.5 
Mean 113.9 (Intake 122.1 (Exeretion 


TABLE IIL. Controt SuBskcts TREATED WITH DIET AND MgSO, 


INTAKE (mEq.) 


DURATION ORAL I. M. ouTPUT (mEq. ) BALANCE 

PATIENT OF STUDY MEASURED | CALCULATED Meso, URINE FECES mEq. ) 
PC. 6 75.6 30.6 18.0 108.3 $1.1 +4.8 
G. P. 6 65.4 62.8 96.0 134.6 79.6 +10.0 


Mean 189.2 (Intake 181.8 (Exeretion) 
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TABLE IV. ALcononiic PATIENTS TREATED Wirth Diet ALON! 


INITIAI 
DURATION SERUM ORAI OUTPUT 
WEIGH OF STUDY Ma INTAKI (mEq. BALANCE 
PATIE) KG. DAYS mEq./t. (mEq. URINE FECES mEq. 
R. M. aa 6 109.9 $2.2 28.6 $39.0 
G. T D7 4 154.8 32.6 D5.S +H6.4 
C. F. 61 9 1.36 266.9 19.0 98.7 119.2 
t. KE, 61 7 1.o2 176.7 D4.7 76.6 +45.4 
a SY 10 1.36 262.7 27.4 174.6 +604 
». H. SY a) 1.48 281.2 7.3 112.3 +151.6 
Mean 208.7 (Intake 128.4 ( Exeretion 


Balances of 6 alcoholic patients treated with diet alone are shown in 
Table IV. The balanee periods ranged from 6 to 10 days. The net balanees 
were all markedly positive, ranging from plus 39 to plus 151 mEq. 

Table V shows the balanee in 5 aleoholie subjeets who were given diet plus 
magnesium sulfate intramuscularly. The net balanees were all markedly posi- 
tive ranging from plus 35 to plus 170 mEq. for the period. 

A comparison of the 4 groups of subjects is made in Table VI. The average 
for control subjects treated with diet alone was a negative balanee of 8 mEq., 
whereas the average for the patients with alcoholism was a positive balanee of 
SO mEq. Control subjeets given diet plus magnesium sulfate injections had a 
positive balance of 8 mEq., whereas the patients with aleoholism treated sim 
larly had a positive balanee of 85 mEq. The positive balanee of magnesium was 
large in patients with aleoholism and tremulousness. When the means of the per 


2 groups of aleoholie patients are com 


kilogram storage of magnesium by the 
pared, it can be seen that there is no essential difference. The net balances 
of control subjects and patients did not overlap. 

Detailed results of the magnesium balance study of Patient R. HL. are given 
in Table VII. The urinary exeretion remained low during the 10 days, and 
it is probable that magnesium repletion was not complete even at the end of 
this period. The serum magnesium level did not change appreciably.  Mag- 
nesium repletion probably was not complete in other patients at the completion 
of the study. It is clear, however, that the patients had a defieit at least as 


eveat as the balances indicate. 
DISCUSSION 


The manifestations of experimentally induced magnesium deficiency in the 
rat®! and in the dog? inelude irritability, hyperexecitability, and convulsions. 
Marly cutaneous vasodilatation and late trophie changes of the skin are also 
seen. Cattle?’ too, may become magnesium deficient, particularly during spring 
grazing when the high ammonium content of the fresh green grass grown on 
land fertilized with nitrates interferes with magnesium absorption from the 
intestines by forming insoluble magnesium ammonium phosphate in the rumen. 
The manifestations of deficiency in various species can be correeted by supply- 
ing magnesium. More complete discussions of experimental magnesium de 
ficieney are recorded in previous Communications.” * 4 

After withdrawal of alcohol, some patients with severe chronic aleoholism 


have signs strikingly similar to those of animal magnesium deficieney, ineluding 
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TABLE VI, COMPARISON OF NET BALANCES OF ALCOHOLIC SUBJECTS AND 


NONALCOHOLIC SuBJECTS (ALL IN MEAN VALUES, mEq. 
NONALCOHOLIC ALCOHOLIC SUBJECTS 
ONTROL SUBJECTS roval mEq. PER KG, 
Diet alone 8.3 +80.3 +1.16 
Diet plus MgSO, 7.4 +85.8 +1.14 


Taphe VII. Parienr R. HH. Trearep Wirth Diet ALON! 


URINE MG sTooL Ma INTAKE Ma 

DAT SERUM Me mEq. mEq. mEq. 
7/28-7/29 

12 hr. 0.72 00.0 
7 /29-7/30 3.78 14.0 50.2 
7/30-7/31 1.48 1.58 30.2 
7/31-8/1 1.59 10.6 29.9 
8/1-8/2 1.36 2.58 ae; 
8 /2-8/: 1.02 31.7 
S/3-S/4 2.41 51.7 
8/4-8/5 1.48 77 SS 31.7 
S/5-S/6 1.08 a1.7 
8/6-8/7 1.75 28.8 i Y 

Total 17.28 112.2 281.2 
Net balance: 151.6 mEq. (16.8 mEq. Mg per day 


tremor, hyperexcitability, mental disturbanees, and convulsions. The serum 
magnesium may be normal in the patient following chronie overindulgence in 
alcohol and thus inaccurately reflect changes in the total body stores. Martin 
and her co-workers’ have analyzed the eleetrolyte pattern at time of entry of 
a group of such patients and found that 60 per cent have low serum magnesium 
concentrations. Our results show strikingly positive magnesium balances during 
treatment with diet alone or diet plus parenteral magnesium sulfate in patients 
after withdrawal from alcohol. These studies confirm our earlier partial bal- 
ance studies carried out on 3 patients.’ Control subjeets, whether given 
parenteral magnesium or not, were in balance with respect to magnesium. 

The causes of the magnesium deficiency are not clear, although poor oral] 
intake is important. Sufficient calories are supplied by the alcohol, but multiple 
deficiencies in electrolytes, vitamins, and protein characterize the diet of chronic 
aleoholies. The kidneys are fairly efficient in conserving magnesium, as seen 
in Table VIL. Even in severe depletion, exeretion of magnesium continues at 
the rate of about 1 to 3 mEq. per day.*'! In addition, evidence has been ob- 
tained in limited studies that ethyl aleohol itself may cause increased magnesium 
exeretion.?° 

In view of the evidenee that a strongly positive balance occurs from diet 
alone, it could be coneluded that parenteral magnesium is not necessary. This 
is true of the mildly to moderately ill patients who are able to eat. Animals 
with experimentally induced magnesium deficieney, likewise, can recover by 
eating a normal diet, unless they have beeome very ill. The patients unable 
to eat any food need parenterally administered magnesium to correct their 
deficit until they can eat a normal diet. 
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SUMMARY 


Magnesium balance studies were undertaken in 11 patients with ehronie 
alcoholism during 6 to 10 day periods. In comparison with control patients, 
all aleoholie subjects studied showed markedly positive magnesium balanees 
during the repletion period. The data clearly demonstrate total body mag- 
nesium deficiency and underline the need for magnesium repletion, either by 
diet, parenteral injection, or both, in patients with chronie aleoholism with 
tremor and hyperkinesis. The more severely ill patients, especially those who 


cannot eat normally, need parenteral magnesium injections. 
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BONE MARROW TRANSPLANT IN ACQUIRED 
HY POGAMMAGLOBULINEMLA 


Casimir A. Domz, M.D. 
SANTA BARBARA, CALIF. 


T IS possible to endow the hypogammaglobulinemie patient with a miniature 
| antibody-producing system by homotransplantation of lymph nodes. Sveh 
vrafts may funetion for several months but eventually undergo dissolution.’ ? 
This contrasts with the survival for several vears of skin homografts in hypo- 
vammagiobulinemie children. The failure of lymph nodes to survive more than 
a few months may be related to their high capacity for antibody production. 

It was felt that a tissue with antibody-producing capacity somewhat less 
vigorous than that of Ivinph nodes might survive, as skin grafts have, and still 
enhanee the eapacity of the host to form antibody. Bone marrow contains all 
the cellular elements implicated in antibody synthesis,’ and, although antibody 
production is not an important funetion of marrow, it has been shown to occur 
after antigenic stimulation.! Marrow has the advantages of being relatively 
easy to obtain and administer, 

The bone marrow of hypogammaglobulinemic patients is deficient in that 
it is devoid of plasma cells, and plasma cell formation which is seen in normal 
marrow after antigenie stimulation fails to occur. 


METELODS 
The recipient was a 55-vear-old woman with acquired hypogammaglobulinemia, who has 
been reported in detail. For 2 vears after the diagnosis was made she had remained essen 
tially free of infection on a regimen of monthly injections of gamma globulin*® and = oral 
sulfonamide, 


The donor was the patient's husband, and was normal in so far as could be determined 


by history, physical examination, and studies of the blood and bone marrow. Both recipient 


and donor were of identical blood type, Le, type O, D+) C+), E (i ~ and e 


Bone marrow was obtained from each posterior ilium of the donor by Bierman biopsy.é 


The number of nucleated cells obtained by this method ranges from 1 to 2 billion cells.s 


The marrow fluid, totaling 70 ml, was placed in a plastic bag which contained 5,000 units 


of heparin in 100 ml. Tyrode’s solution, and was immediately administered intravenously 


to the recipient. Materials in contact with the cell suspension were either made of plastic 
or were siliconized. No clinical symptoms accompanied the infusion. 

The recipient returned at approximately monthly intervals for blood and bone 
studies. She was challenged antigenicalls 


marrow 
, 6 and 13 days after the transplant, with vaccine 
ontaining in each milliliter 1,000 million Salmonella typhosa bacilli, 
paratyphi, and 


250 million Salmonella 
250 million Salmonella schottmiilleri.+ A complete blood count was done at 
From the Sansum Clinic Research Foundation, Santa Barbara, Calif 

Received for publication May 18, 1959 


*Poliomyelitis Immune Globulin, Human, furnished by Dr. Sam Gibson, American Na- 
lonal Red Cross 
tT yphoid-paratyphoid Vaccine, Eli Lilly & Co., Indianapolis, Ind. 
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each examination. Antibody response was measured by the slide agglutination method ds 
vised by Welch and Stuart.9 Gamma globulin levels were measured by filter paper electro 
phoresis according to the method of Henry and co-workers. Bone marrow plasma cell 
counts were made aceording to the method of Good and Campbell. Serum complement was 


determined by the method of Wedgewood and Janeway.! 


RESULTS 

Blood counts remained essentially unchanged except for the leukoeyte dit 
ferential, in which the eosinophils inereased from zero (in multiple counts dur 
» 


ing 2 vears before transplant) to 9 per cent |T month after transplant, with a 


evradual fall thereafter. 


TABLE I. INITIAL SERUM PROTEIN ELECTROPHORESIS RESt 


rovral GLOBULINS 
DATI PROTEIN ALBUMIN OTAI tt tt by o 
t-11-5S 6.1 3.) 2.4 ) Me) ‘3 a 
D- 10-58 6.7 3 2.8 ) SS 1.1 ad 
6-14-58 70 $53 y Me § } 4 10 | 
&-1S8-5S 6.9 3.8 3.1 5 1.0 1.1 y 
9-16-58 6.6 = 7 2 3 ) Hd 1.0 | 
9-94-58 6.9 $.0 ” 8 } a) 4 6 
10-10-58 6.5 $.0 2.4 5 7 a 
Normal range 
Gm. ¢ 6.2 to 8.5 3.5 ted. 0.2 to 04 0.5 to 0.9 0.6 to 1.1 0.7 to 1.7 


( 


Monthly electrophoretic serum protein analyses indicated a rise in gamma 


elobulin concentrations which reached a level of 0.5 Gm. per cent Iyy the fourth 


month following the transplant (Table I). The patient’s regular prophylactic 
injections of gamma globulin were then suspended, and 5 weeks later the gamma 
elobulin coneentration reached a level of 0.6 Gm. per cent, double that which 
had been present prior to the transplant. One month later a sharp drop was 
observed, and it was felt unsafe to withhold the globulin injections any longer. 

Serum complement, initially higher than normal, showed an abrupt fall to 
a very low level, whieh was followed by a gradual rise during the next 6 months 
to pretransplant level (Table I 


TABLE Il. SERUM COMPLEMENT: 50 PeR CENT HEMOLYTIC UNITS PER MILLILITER SERUM 
DAT! COMPLEMENT CONCENTRATION NORMAL RANGE: 25 To 45 
Mareh 12 69.0 pretransplant 
\pril 12 5.0 
June 14 7.4 
Aug. IS 29.8 
Sept. 24 13.0 
Oct. 10 60.0 


Ageglutination titers for typhoid and paratyphoid A and B groups of Sal 
monella remained at zero level throughout the posttransplant period. 

Serial bone marrow plasma cell counts showed no inerease in plasma cell 
population, since only 2 plasma cells were found in the many thousands of 


nucleated cells counted. 


Through the cooperation of H. M. Kurtz, Ph.D 
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Since there was a diserepaney between the electrophoretic results, whieh 
scemed to indieate increased gamma globulin production, and the other param- 
eters of immunologic response, additional studies were made. 

Aliquots of the monthly serum samples, stored in the frozen state, were 
checked with a latex fixation gamma globulin test.* No significant variation 
could be found, all the agglutinations falling in the hypogammaglobulinemic 
range (50 to 200 me. of gamma globulin) (Table IL). The stored serum samples 
were then subjected to electrophoresis in a simultaneous run, in order to eir- 
cumvent some of the variables encountered in separate electrophoretic runs. 
The results are shown in Table IIL. No significant change in gamma elobulin 
concentrations was detected. The results of these cheek studies clearly demon- 
strated that the initial electrophoretie results were misleading. The indieated 
rise in gamma globulin coneentration was probably due to a coneatenation of 
some of the variables intrinsie in paper eleetrephoresis.'” The large range of 
error, particularly in the lower range of gamma globulin concentrations, has 
provoked the development of more precise methods of quantitating small 


amounts of gamma e@lobulin. 


“ABLE TIT. GAMMA GLOBULIN VALUES OBTAINED WITH COMPARATIVE TESTS 
ELECTROPHORESIS 
INITIAI 
MONTHLY 
RUNS SIM PANEOUS LATEX FIXATION TEST 
DATI GM. & RERUN SIMULTANEOUS RUN 
\pril, 1958 0.3 0.4 PNN 
May, 1958 0.4 OD PNN 
June, 1958 0.4 0.5 PNN 
August, 1958 OD O.5 PNN 
Sept., 1958 0.4 0.4 PNN 
Oect., 1958 0.6 0.4 PNN 
Jan., 1959 O.4 O.4 PNN 
NNN 25 mg. & 
Code: PNN 50 to 200 mg. & 
PPN 600 to 1200 ma. & 
Pre 3 to 5 Gm. « 


( 


DISCUSSION 


The fact that no truly signifieant change in gamma globulin level occurred 
is not surprising, since no rise in serum gamma globulin concentration was de- 
tected in previously reported agammaglobulinemie patients with temporarily 
successful lymph node homotransplants, even though the grafts were able te 
produce measurable antibody. * 

In one of these patients morphologie survival of the grafted lymph node 
cells was demonstrated by serial biopsies.2. Serial bone marrow aspirations in 
our patient showed no plasma cell inerease, and other methods for study of 
donor cell survival could not be applied. Had the recipient been male and the 
donor female, it might have been possible to demonstrate a mosaie pattern of 
the leukoevte population by quantitative studies of the sex chromatin body in 





*Through the cooperation of R. Fisk, Ph.D., Research Division, Hyland Laboratories, 
Los Angeles, Calif. 
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granuloeytes or monocytes. Search for a mosaic erythrocyte pattern was pre- 
cluded by the fact that donor and recipient were of identical blood type. 

The dichotomy in normal immune mechanisms is sharply delineated in 
agammaglobulinemie patients, because they have lost principally the ability to 
form circulating antibodies of the gamma globulin type (and occasionally some 
of the beta globulins). The eapacity to produce alpha and beta globulins, and 
tubereulin-type fixed tissue antibody is largely intact.'! It is cell-bound anti 
body whieh is chiefly responsible for the rejection of grafts.' 

It has been postulated that aequired agammaglobulinemia may be one of 
the autoimmune diseases in which the patient produces antibodies to his own 
antibody-forming system.'® While this appears paradoxie, there is clinical evi- 
denee that agammaglobulinemie patients are capable of producing the factors 
involved in autoimmune disease. In two large groups of agammaglobulinemic 
patients, scleroderma, dermatomyositis, and rheumatoid arthritis have occurred 
with disproportionate frequeney, the latter with an incidence approaching 50 
per cent.** ™ 

The rise in the peripheral eosinophil count in our patient suggested an 
allergic impact of the bone marrow infusion. Severe bronchial asthma accom- 
panied by eosinophilia, in which the eosinophil count was as high as 50 per eent 
of the peripheral leukoevte count, has been observed in a hypogammaglobulin- 
emie adult.'* Allergie phenomena in patients deficient in gamma globulin have 
hecome more understandable in the light of reeent work which indicates that 
atopie reagins are alpha and beta elobulins.'® 

The observed fall in serum complement coneentration following marrow 
transplantation is compatible with complement utilization in the course of an 
antigen-antibody reaction. The prolonged depression of complement would 
imply a continuing reaction involving an antigen which was very slowly elimi 
nated. It is known that in systemie lupus erythematosus (S.L.E.) serum com 
plement levels remain low for long periods when the disease is elinically active, 
and beeome normal or slightly elevated when the disease goes into remission.” 
Pearson and Craddock?! have demonstrated complement fixation reaction against 
purified desoxyribonucleie acid or a lysate of human leukocytes in sera of pa- 
tients with severe S.L.E. Clinical manifestations of a lupoid reaction were 
absent in our patient, and blood smears remained negative for L.E. cells. 

Although an immune reaction probably occurred, it would appear that our 
patient was neither helped nor harmed by the bone marrow transplant. Since 
there are 3,000 hypogammaglobulinemie patients in this country alone? con- 
tinued search for means of restoring the antibody-producing capacity of these 
patients seems worth while. It is likely that homegrafts of tissue with antt- 
body-producing capacity will not sueeeed unless some means of cireumventing 
the host’s rejection of the graft is employed. Brephoplastie erafts** and pro- 
teetion of grafts with diffusion chambers are two promising techniques which 
have not vet been applied in agammaglobulinemia. 

Onee this problem is solved we may then be faced with the problem of 
rejection of the host by the graft. 
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SUMMARY 


1. Transplantation of normal bone marrow to a patient with acquired hypo- 


vgammaglobulinemia was attempted. 


2. Morphologie studies failed to demonstrate a change in the plasma cell 


count of the recipient’s marrow. 


3. Electrophoretic and agglutination studies showed no true inerease im 


production of gamma globulin or capacity to respond to antigenie challenge 


with baeterial vaceine. 


4. Peripheral blood eosinophilia and prolonged depression of serum c¢om- 


plement were observed. The similarity of this reaction to certain aspects of 


systemic lupus erythematosus is discussed. 


ors) 
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A STUDY OF THE ANTIGENS OF NORMAL LEUKOCYTES 
Jounx J. Burter, M.D.* 
NEWARK, N. |. 


I1k purpose of this article is to report an investigation of the antigens of 

norma! leukocytes. 

Recent studies of Brittingham' and Payne* have indicated that human 
leukocytes contain isoantigens which stimulate antibody formation through 
pregnaney and blood transfusion. The identification of leukoeytic isoantigens, 
therefore, presents a problem of some importance. The teehniques for the 
identification of red cell antigens have been very produetive, but, for the most 
part, these methods are not applieable to the study of white cells. The bulk of 
knowledge concerning the red cell antigens has been gained Hy testing human 
red cells for agglutination in human sera. For the most part these serum anti 
bodies are either naturally oceurring or are acquired by isoimmunization. Onl) 
a small percentage of human sera, however, has been found to contain naturalls 


-4 These agglutinins are weak and_ the 


occurring leukoeyte agglutinins." 
methods presently available for their study are not entirely satisfactory. In 
deed some authors have been unable to demonstrate leukoeyte agglutinins in 
studying large numbers of normal individuals.*”:° There are conflieting reports 
from several laboratories concerning tests for the ability of serum from patients 
who were either repeatedly transtused or had other diseases of a hematologic 
nature to agglutinate the leukoevtes from a panel of normal donors. Some 
authors,’ *° have indieated that a high percentage of the leukoevte SUSPeNSIONS 
were agglutinated. Dausset and associates,’ and Lalezari and Spaet,* were able 
to detect several patterns of agglutination in testing the white cells of normal 
individuals with leukoeyte-agglutinating sera. More recently Payne and Rolfs® 
have reported isoleukoagglutinins in sera from mothers which react differently 
with their panel of 10 leukoeyte donors so that no 2 sera were identical. The 
finding that these sera from mothers agglutinated the leukocytes of 10 of 12 of 
their respective newborn infants, and 12 of 13 of their respective spouses, sug- 
gested to these authors that the offspring had inherited the fathers’ leukoeyte 
factor. 

The M, N, P, and Rh blood groups were discovered by immunizing animals 
with human red cells and subsequently absorbing this antiserum with red cells 
possessing all other red cell antigens. The present study adapts this method to 
an investigation of human leukoeyte antigens by immunizing animals with 
leukoeytes from humans and subsequently absorbing this immune serum with 
leukocytes from different individuals. 


Supported by a Grant (C-2406) from The National Institutes of Health. 
Presented in part at the VII International Congress of the International Society of 
Hematology, Rome, Italy, September 12, 1958. 


Received for publication May 22, 1959. 
*Present address St. Michael’s Hospital, Newark, N. J 
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METHODS 


Preparation of Antilcukocyte Plasma.—One hundred and fifty milliliters of blood was 
withdrawn from a human donor (immunizing donor) through plastic tubing into a 500 ml. 
flask containing 15 ml. of 1 per cent sodium ethylenediamine tetra-acetie acid, and 20 ml. 
of dextran having an intrinsie viscosity greater than 0.41. After allowing the red cells to 
settle for 30 minutes the supernatant plasma was drawn off and equal amounts were 
transferred to four 50 ml. centrifuge tubes. Saline was added to the 50 ml. mark and 
this was centrifuged at 1,000 r.p.m. for 15 minutes. The sediment was washed 3 times 
With an isotonic solution of saline; it consisted predominantly of leukocytes but was con 
tauminated with small numbers of red cells and platelets. After the final centrifugation 
the supernatant Was disearded and the packed sedimented cells were suspended in 1 ml. 
of modified Freund’s adjuvant.1o This was prepared by mixing 10.8 ml. of Arlacel A,” 
61.2 ml. of Bavol F,t and 50 mg. of dried Mycobacterium butyricum. This was injected sub 


cutaneously into a rabbit and the Injection was repeated the second and third weeks. A 
similar injection of leukocytes suspended in saline was given subcutaneously the fifth week. 
\t the end of 6 weeks the rabbits were bled to exsanguination by withdrawal of blood 
from the aorta through a No. 20 gauge needle which was conneeted by polvethylene 
tubing to a 100 ml. Erlenmeyer flask containing ethylenediamine tetra-acetic acid. The 
plasma Was removed immediately and heated to 56° ©, for 30 minutes; this procedure 
caused some precipitation of fibrin which was removed by centrifugation. Ten per cent 
bv volume of a 1 per cent aqueous solution of Merthiolate was added to the plasma and 
it was stored at -20° C. until used. <All glassware and needles were coated with Silieclad,} 
ana polvethvlene tubing Was used. These procedures were earried out under sterile 
precautions, 

Three rabbits were subjected to a mock course of immunization utilizing Freund’s 
adjuvant alone on the first, second, and third weeks, and saline on the fifth week. Blood 


was drawn before this procedure and again on the sixth week. 


{hbsorptions.—Beef kidney was cut up and emulsified in a Waring Blendor. After 
centrifugation it was washed with isotonic saline solution until the supernatant was clear. 
Antileukoeyte plasma was mixed with equal amounts of washed beef kidney and incubated 
at 37° C. for 60 minutes, This absorption with heef kidney was repeated three times on the 
plasma aliquot. 

Absorption with red blood cells was carried out by adding equal parts of thrice washed 
red cells and antileukocyte plasma and allowing them to incubate at 387° C. for 60 minutes. 
Rach aliquot of plasma was absorbed until the red cell agglutinin was exhausted. This 
usually occurred after 3 to 6 absorptions. 

Leukoeytes and platelets that were used for absorption were prepared in a manner 
similar to that used to prepare the white cells to immunize the rabbits. Five hundred 
milliliters of blood was drawn into a siliconized vessel containing ethylenediamine tetra-acetic 
acid and dextran. After settling for about 30 minutes the supernatant plasma was centri- 
fuged at 1,000 r.p.m. for 45 minutes. This sedimented all but a few leukocytes but left the 
great majority of platelets suspended. The supernatant was decanted and centrifuged at 
3,000 r.p.m. for 10 minutes. The platelets were washed once with ethylenediamine tetra- 
acetic acid and again centrifuged; the white cells were treated similarly. Two milliliter 
aliquots of immune plasma were absorbed with the platelets and white cells which 500 ml. of 
whole blood yielded. This usually amounted to about 2 to 3 ml. of platelets and an equal 
umount of white cells; each included a certain small percentage of admixed red cells. Each 


platelet and leukocyte absorption was carried out 3 times unless otherwise noted. 


Test for Leukocyte Agglutinins.—Blood was collected according to the method previously 
deseribed.s The test was performed by mixing 0.10 ml. of white cell suspensions with 0.10 

*Arlacel A was obtained from Ruger Chemical Co., New York City. 

jTBayol F was obtained from Esso Refining Co., Linden, N. J. 

¢Siliclad was obtained from Clay-Adams, Inc., New York City. 
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ml. of test plasma in a 10 by 75 mm. serologie test tube. This was incubated in a water 
bath at 387° C. for 1 hour. The leukocytes were resuspended after incubation by shaking the 
test tube quickly about 6 times. A drop was poured on a glass slide and allowed to flow out 
in a thin laver by tilting the slide. The slide was studied for white-cell clumping under the 
low power of the microscope either with reduced light or with phase microscopy, 


Precipitin Test.—The undiluted antileukoeyte plasma was placed in capillary tubes and 
human plasma which was serially diluted with saline was layered over it. These tubes were 
incubated at 37° C. for 4 hours, and at 4° (. for 12 hours, after which thev were ob 


served for precipitated material. 
RESULTS 
The following rabbit plasmas were tested for the presence of leukoeyte 


agglutinins against a panel of 6 donors, at least one of whom was of blood 


group O, A, or B: (1) plasma from 2 rabbits which had received no injections, 
>) 


plasma from 2 rabbits whieh had received a mock immunization with 
Freund's adjuvant, and(3) plasma from 3 rabbits one of whieh had been im 
munized with leukoeyte suspensions from a donor of blood groups O+, one from 
a donor of group A+, and one from a donor of group B+. Aliquots of this 
plasma were tested before and after absorption with each of the following: Beef 
kidney, red cells, white cells, and platelets from the immunizing donor. 

The results were essentially the same for the leukoevtes of all donors tested. 
There was minimal leukocyte agglutination in the undiluted specimen of plasma 
which was taken before and after the course of injections of Freund’s adjuvant 
alone. The average titer of leukocyte agglutinins in the unabsorbed plasma 
taken after the rabbit had been immunized with leukoeytes was 1 to 4,096. 
This titer was unaffected by absorption of the antinormal leukocyte plasma with 
heef kidney or red cells, and platelets of the immunizing donor. After absorp- 
tion of this plasma with leukocytes from the same donor, on the other hand, the 
tests for leukoevte agglutination were negative. 


Anti Red and White Cell Agglutinin.—It was noted that when the un- 
absorbed immune plasma was tested for leukoeyte agglutinins a mixed red- and 
white-cell clump occurred in dilutions through 1 to 64. This was not present 
after absorption of the plasma with the immunizing donor’s red cells or Type O 
red cells. The mixed red- and white-cell clumps were not composed of erythro- 
phagoevtes. 

The plasma of two rabbits, each of which had been immunized with the 
leukoevte suspensions of different Type A donors, was tested for red cell agelu- 
tination against cells of Types O, A, and B. Each plasma produced agelutina- 
tion to titers of 1 to 32 against cells of Types O and B, and of 1 to 256 against 
Type A cells. Aliquots of this plasma were absorbed with red cells of Type 0. 
When subsequently tested against red cells of Types O and B there was no 
agglutination; against red cells of Type A the titer was 1 to 64. 

Absorption of Antinormal Leukocyte Plasma by Homologous Leukocytes. 
Groups, each comprised of 4 rabbits, were immunized with the leukocytes sus- 
pension of a different normal human donor. Sixteen 2 ml. aliquots of immune 


plasma from the 4 rabbits were subjected to the following absorptions: (1) 
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each aliquot was absorbed with the red cells of the immunizing donor; (2) one 
aliquot of plasma from each rabbit was absorbed on 3 different occasions with 
the leukoevtes from 500 mil. of whole blood of the immunizing donor; and (3) 
each of the other 12 aliquots was absorbed on 3 different occasions with the 
leukoevtes from 500 mil. of blood from one of 12 donors. (Hach aliquot was 
absorbed with leukoevtes from only one donor. 

These absorbed plasmas were tested for leukocyte agglutination against the 
white cells of a panel of 17 normal donors. A total of 159 tests for leukocyte 
agelutinins was performed on these absorbed immune plasmas; 42 of these were 
control tests for adequaey of absorption. Of the remaining 117 tests there were 
6 which contained agelutinins for other leukoevtes. The positive tests for leuko- 
evte agelutination were present in the undiluted sample only. These results 
are listed in Fig. 1. 
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Fig. 1 This figure summarizes the results of tests of rabbit antihuman leukocyte plasma 
(absorbed with homologous leukocytes) to agglutinate the leukocytes of a panel of normal 
donors. The arabie numerals in the 2 vertical columns refer to different leukocyte donors. 
The leukocytes from donors in the first column were used to immunize the rabbits. The 
leukocytes from donors in the second column were used to absorb the immune plasma. : The 
letters of the alphabet refer to donors whose leukocytes were used in testing for agglutinins. 
The heavy lines indicate a control test: heavy lines enclosing a single result indicate that the 
cells tested are the.same as those used to absorb the immune plasma. The 0@ designates a 
negative test for leukocyte agglutination and the + a positive test. 

Precipitin tests against normal human plasma, performed on plasma from 
the 4 rabbits which were immunized with leukocytes from a normal donor, were 
negative. 

DISCUSSION 


Results of the use of absorbed immune heterologous serum to detect antigens 
must be interpreted with a certain amount of eaution. It is possible, for 
example, that isoantigens were present on the leukocytes used to immunize the 
rabbits which did not stimulate antibody production. On the other hand, it is 
possible that nonspecific substances adherent to the surface, or foreign material 
phagoeytized by the leukocyte, might stimulate antibody formation. The 
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negative precipitin tests between antihuman leucocyte plasma and normal plasma 
do not preelude the possibility that antihuman plasma was present in amounts 
too small to be deteeted by this method. Another disadvantage of the method 
lies in the fact that heterologous immune serum contains lysins which are diffi- 
cult or impossible to remove by absorption. These antibodies may interfere 
with the results if a method of testine is used which might detect them. Com- 
plement is required for the detection of hemolvsins and 1 inference for 
leukolysins. In the methods used in the present study, however, there is little 
or no complement activity because of the presence of ethylenediamine tetra- 
acetic acid which binds the divalent cations. The end point in this method is 
agglutination which does not require complement. Leukocyte agglutination is 
a rather insensitive method for this reason; as has been discussed previously* i 
was chosen for this purpose to avoid false positive reactions. 

It may be that this feature is an advantage when used to study absorbed 
heterologous immune serum. At any rate the negative controls were completely 
free of leukoevte agglutinins. 

The failure of the various absorbents to alter the titer of the immune rabbit 
plasma for leukoeytes indicates that the leukoevtie antigens under study are 
not related to these substances. The fact that the immunizing donors’ red cells 
and platelets failed to alter this titer demonstrates that these leukoeyvtie antigens 
are unrelated to those of the red cell or platelet. The lack of influence of the 
absorption with beef kidney rules out a heterophile antigen of the Forssman 
variety. There is an apparently nonspecific leukoevte agglutinin in normal 
rabbit plasma, but this is only present in the undiluted specimen, and it is not 
inereased in the eontrol animals subjeeted to a mock eourse of Freund’s 
adjuvant. The leukoeyte agglutinins present in the immune rabbit plasma be 
fore absorption with leukocytes are active against all white cell suspensions 
tested. This implies that there is an antigen(s) whieh is shared by all human 
leukoeytes. Appropriate absorptions with other human tissues were not carried 
out so that this could be designated an organ-specific antigen. The agglutinin 
which caused mixed red- and white-cell clumps is apparently stimulated by an 
antigen(s) which is shared by red and white cells. Again the proper absorptions 
with other human tissues were not done to prove this is a species-specific effeet. 
The mixed red- and white-cell clumps were not associated with erythrophago 
eytosis which was the case in other circumstances.” The immune rabbit plasma 
used in experiments to detect leukoeytie isoantigens was absorbed with im 
munizing donors’ red cells to remove the antigen shared by the red and white 
cells. 

The positive test for leukoeyte agglutinins performed with immune rabbit 
plasma after absorption with immunizing donor’s red cells and homologous 
leukocytes is interpreted as probable evidence of isoantigenie differences in 
human leukoeytes. Further absorptions of the immune plasmas to determine 
similarity or differences in the antigens these represent would have been de- 
sirable. It should be appreciated, however, that the very small vield of immune 
plasma precluded any further experiments. 
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SUMMARY AND CONCLUSION 


Antihuman leukoeyte rabbit plasma was prepared which contained an 
agelutinin for all normal human leukoeytes tested. This agglutinin was un- 
affeeted by absorption with red cells and platelets of the donor whose leukocytes 
were used to immunize the rabbit (immunizing donor). This immune rabbit 
plasma also contained an agelutinin associated with an antigen common to both 
red and white cells. 

Sixt aliquots of 4 different antihuman normal leukoeyvte rabbit plasmas 
were ext astively absorbed with immunizing donors’ red cells and the leukoeytes 
from 16 donors, 4 of whom were the immunizing donors. Each aliquot was 
absorbed with the leukoevtes from 1 donor. These aliquots were tested against 
the leukoevtes of a panel of 17 normal donors. A total of 159 tests for leuko- 
evte agelutination was performed of which 42 were controls. Six of the re- 
mainine 117 tests were positive for leukoevte agelutinins. This represents 


probable evidence for the presence of isoantigens in human leukocytes. 
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IN VITRO EFFECTS OF ANTIBIOTICS ON YEAST PHASE OF 
BLASTOMYCES DERMATITIDIS AND OTHER FUNGI 
KE. S. McDonovcu, Pu.D., Lipero AseLLo, Pu.D., Lucinue K. Grora, Pi.dD., 
AND SHERRY BRINKMAN 
CHAMBLEE, Ga. 


EDIA containing antibiotics for the selective isolation of pathogenic 
M fungi are currently being employed by many laboratories throughout the 
world.’ Through the inhibition of bacteria and saprophytic fungi, great ad- 
vantages have been realized in the isolation of pathogenic fungi from diverse 
substrata. However, there are certain limitations to the use of such selective 
media, and these should be well recognized and understood. Recent studies 
have indicated that temperature of incubation influences the sensitivity of 
certain pathogenic fungi to several of the antibiotics currently used in such 
selective media. 

While testing the effects of antibiotics on Blastomyces dermatitidis it was 
observed that mycelial transfers of 21 strains on media containing 0.5 mg. per 
milliliter cycloheximide and 0.05 mg. per milliliter chloramphenicol grew 
well at room temperature. On the other hand, duplieate tubes of medium, when 
inoculated with veast cells of this fungus and ineubated at 37° ©., failed to 
support growth or permitted only minimal development. Since the use of media 
containing ¢veloheximide and chloramphenicol has become a common practice in 
medical mycology this observation seemed worthy of further study. 


MATERIALS 





AND 





METHODS 





Thorough testing of the effects of temperature on sensitivity was accomplished as 


follows: serial dilutions (Table I) of antibiotic in brain heart infusion agar were used. 











TABLE I. EFFECTS OF CYCLOHEXIMIDE ON GROWTH OF BLASTOMYCES DERMATITIDIS AFTER 
3 WEEKS AT 37° C. ON BRAIN HEART INFUSION AGAR 





CONCENTRATION 
PER MILLILITER ) 


ANTIBIOTIC 
MILLIGRAM 






STRAINS 
I 


TESTED 
k 





20 3 ' 

1.0 4 1 ] l 

0.8 } 2 2 2 

0.6 } 5 2 2 l 

0.4 t 3 3 3 2 : 

0.2 4 3 3 3 3 ] l 

0.1 t } 3 3 3 2 2 ] 

0.05 4 t t 3 4 } 2 
0.025 + t 4 } } ; a } 2 
Control } } } 4 } t } } t 


Growth in control tubes containing no antibiotic was considered as 4 at time of each 
reading + stands for trace. 
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Suspensions of yeast cells of 9 strains of the fungus in physiologie salt solution were prepared 
so that each milliliter contained approximately 600,00 yeast cells. One one-hundredth milliliter 
of the suspension was streaked on the surface of the agar slant in each eulture tube. se 
ginning on the seventh day tubes were examined at weekly intervals until 3 reeordings had 
been made, 


RESULTS 
There is great variation among the different strains of B. dermatitidis in 
capacity to grow on B. HH. I. eveloheximide agar at 37° C. (Table I). Thus 
after 3 weeks on this medium, strain A was not inhibited except at a coneentra- 
tion of 2.0 me. per milliliter. On the other hand, strain T produced only a trace 


of erowth in tubes containing 0.1 me. per milliliter, and no erowth in tubes 


containing greater concentrations. Since concentrations of 0.5 or 0.4 me. are 
commonly used in medical mycology in media designed for isolation of patho- 


genie fungi from clinieal materials, strains FY G, TH, and T would probably not 


have been reeovered if the isolation tubes had been ineubated at 37° C. No 
doubt the number of cells in the inoculum has an effect on survival and growth 
of the organism in the presence of the antibiotic. In a similar experiment, but 
using one half the number of yeast cells per milliliter, it was observed that only 
strain A grew on medium containing 0.5 me. per milliliter eveloheximide. 

To verify that some strains of B. dermatitidis are more sensitive to eyelo- 
heximide in the veast phase than in the myeelial phase 9 strains were tested 


simultaneously at 25° C. and at 37° C.) Table IT shows results obtained with 3 
isolates when veast cells were used as inocula. The results indieate that all 
strains tested showed sensitivity at both 25° C. and at 37° C. The inhibition 
was evreater, however, in all cases during the early stages of growth at 37° C. 


TABLE II. EFFECTS OF TEMPERATURE ON GROWTH OF BLASTOMYCES DERMATITIDIS 


ON 
B. HH. ob. CycLoneximMipe AGAt 
STRAINS TESTED AND WEEKS OF GROWTH 
A ( H 

ANTIBIOTIC CONCENTRATION I - 0 l = 3 I - 0 

MILLIGRAM PER MILLILITER Growth at 25° ¢. 
20 + 2 3 l Z : } 3 
1.0 l 3 } 3 3 l } } 
0.8 l } = ] } } 
0.6 ] } } ] } } 
0.4 2 } } } 2 4 4 
0.2 } 3 } } 2 } } 
0.1 3 } 4 3 } } 2 } 4 
0.05 5 } } } } > 4 4 } 
0.025 ; } } 3 t } » 4 t 
Control j } } } } } } 4 4 

Growth at 37° ¢ 

20 t » + 
1.0 l } ] 
0.8 ' ] } 2 
0.6 t ys } 2 
0.4 3 } a 
0.2 } t 3 
0.1 3 } : 2 3 l 
0.05 l } } z 3 4 l 
0.025 2 i } 2 } } ] 4 
Control } } 4 } t 4 4 4 } 
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as compared with early stages at 25° CC. It was noticeable that at 37° C. only 
one of the 3 strains (.A) produced observable growth after 7 days in tubes con 
taining 0.4 mg. per milliliter. Of the 9 strains studied, only one other isolate 
Was as resistant as A during early growth at 37° C. On the other hand, all ot 
the strains produced as much growth on 0.5 me. per milliliter cycloheximide 
media at 25° C, by the end of the third week as they produced on antibiotic-free 
media. Therefore significant inhibition by 0.5 mg. per milliliter eveloheximide 
media of the growth of these strains of B. dermatitidis was associated with ineu 
bation at 37° C. and not with ineubation at 25° ©, 


Other experiments demonstrated that the constituents of the test media, 
other than the antibioties, had no effeet on the 25° to 37° sensitivity ratio, 
Brain heart infusion broth, Sabouraud’s dextrose agar, and Sabouraud’s dextrose 
broth revealed the same general resistance pattern. The use of conidia rather 
than veast cells as an inoculum also did not alter this ratio. 

Experiments similar to those deseribed with eveloheximide were yx rformed 
with chloramphenicol at concentrations of 0.2, 0.1, 0.08, 0.06, 0.04, 0.02, 0.01, 
0.005, and 0.0025 me. per milliliter of medium. Inereased sensitivity at 37° ©. 
was observed. In general, the isolates so far studied have been less sensitive to 
chloramphenicol at concentrations Commonly used in isolation media (0.05 mg. 
per milliliter) than to eveloheximide at 0.5 mg. per milliliter. At least 2 strains, 
however, have shown such reduced growth at 0.05 me. per milliliter as to make it 
unlikely that they would be isolated on media containing this quantity of 
chloramphenicol at 387° ©. 

From the practical viewpoint and also in regard to the general question of 
the cause of the mycelial-veast sensitivity ratio it was thought to be important 
to know the effect of these antibiotics on other fungi. For this reason Para 
coccidioides brasiliensis, Histoplasma capsulatum, and Sporotre hum schenehia 
were grown on antibiotic media at 25° C. and 37° C. as had been done for 


rs Tord 


B. dermatitidis. It has not been possible to detect a definite 25° to 387° C. sensi 
tivity differential with the few strains of P. brasiliensis so far studied. Sueh a 
differential exists for some strains of IT. capsulatum and S. schenekii, but to a 


lesser degree than for Bb. dé rmatitidis. 


DISCUSSION 


The fact that B. dermatitidis has been reported’ to be resistant to eyelo- 
heximide at a concentration of 0.5 mg. per milliliter was undoubtedly due to 
the faet that the tests were earried out at room temperature. 

(‘veloheximide medium was originally developed to facilitate the isolation 
of human pathogenic fungi from e¢linieal materials and substrata heavily econ- 
taminated with both bacteria and saprophytic fungi... This medium has proved 
to be highly efficient and adaptable for many types of investigations.’ The 
observation that some strains of B. dermatitidis are inhibited by eyeloheximide 
at 37° C. indieates that in routine diagnostic procedure, media with and without 
eveloheximide must be used in parallel, particularly if incubation is carried out 
at 37° C. 
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BLASTOMYCES 


KEERECTS OF ANTIBLOTICS ON 


SUMMARY 


Nine strains ot Blastomyces de rmatitidis showed More SCNSITIVITS to evelo- 
37° Co than at 25° C. At 37° ©., 2 isolates failed to grow on media 


containing 0.4 me. per milliliter eveloheximide. 
effect, but a similar one. It has not been possible to detect a definite 
sensitivity differential with the few strains of Paracoccidioides brasiliensis 


Chloramphenicol had a lesser 
zo 6%; te 


heximide at 


oy Soa G- 


Such a differential exists for some strains of //istoplasma cap- 


so far studied. 
sulation and Sporotru hum S henchii, but wo a lesser deoree than for B. de rhid- 


fitidis. 
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TELLURITE REDUCTION AS AN INDICATOR OF POTENTIALLY 
PATILOGENIC STAPHYLOCOCCI 
Pau. D. Horpricu, M.D... Garru F. Crorr, B.S.. AND LionEL M. Wes'r, II, B.S. 
Saur LAKE Crry, UtTan 


I1EN culture of bacteria on artificial media beeame technically feasible, 

staphylococei were among the first baeteria grown. Rosenbach’s monog- 
raphy of 1884,' in establishing staphylococeus as a distinct bacterial genus, 
provided a taxonomic basis for demonstration of the widespread occurrence of 
staphylococcus. This very ubiquity of staphylococcus raised the problem of 
differentiating those staphylococei which can cause disease from those which 
ordinarily do not cause disease, 

Many laboratory criteria have been advoeated as accurate indicators of 
disease-producing potential in staphylococcus. In using the terms aureus and 
albus for species designation, Rosenbach gave prominence to pigment produe- 
tion as a property of virulent staphylococci. Hemolysis, mannitol, fermenta- 
tion, plasma coagulation, protease production, and tolerance to a hyperosmolar 
environment have also been noted as biochemical accomplishments displayed by 
many potentially pathogenie staphylococci. 

That some staphylococci were capable of reducing tellurite, was probably 
first appreciated by workers using tellurite-containing media for isolation of 
Corynebacterium diphtheriae. Jet black colonies on a medium sueh as that 
described by Mueller and Miller,? must always be examined by Gram-stained 
smear since some staphylococci, as well as mifis strain (. diphtheriae, grow in 
colonies of this appearance. 

Use of tellurite as a selective agent for isolation of pathogenic staphy- 
lococel was apparently first suggested by Ludlam,’ in 1949.) Ludlam’s medium 


proved too inhibitory for use in primary isolation of staphylocoeeci.' 





From Ludlam’s formula, Zebovitz and associates" derived a tellurite me- 
dium for selective culture of staphylococcus. The medium was developed by 
tests performed with 22 laboratory strains of staphylococcus (10 coagulase- 
positive; 12 coagulase-negative). After trial with a few samples of air, dust, 
soil, food products, feces, and eultures of skin, nose, and throat, these authors 
recommended their tellurite-glycine agar for detection of coagulase-positive 
staphylococci. To our knowledge, this tellurite-glycine agar medium has not 
been evaluated with regard to its utility in the differentiation of potentially 
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pathogenic and nonpathogenic staphylococci obtained in cultures of clinical 
specimens. Accordingly, we assessed the differential value of the tellurite- 
glycine medium of Zebovitz and associates,” using 251 isolates of staphylococcus 
from clinical materials and 73 isolates from the antecubital skin of normal, 
healthy adults. Ability to grow and reduce tellurite on this medium was Inter- 
preted in terms of simultaneously determined ability to coagulate plasma, fer- 
ment mannitol, lyse sheep erythroeytes, grow in hypertonie media, and hydrolyze 
velatin. These data were not accumulated simply to aggrandize further the en- 
zymatie prowess of staphylococcus. Rather, the aim of this study was the de 
velopment of a laboratory test for potential pathogenicity of staphylococcal iso- 
lates which would be at least as reliable and informative as presently employed 
tests—a test which, at the same time, would be easier to carry out. Assay for 


tellurite reduction fulfills these requirements, 


MATERIALS AND METHODS 


Staphylococcal Isolates.—Two hundred and fifty-one strains of staphylococcus were 
collected as isolated from cultures of clinical specimens submitted to the Clinical Microbiology 
Laboratory of the Salt Lake County General Hospital. Identified only by specimen number, 
these isolates were subcultured on sheep blood agar plates which were sealed and stored at 
1° C.) For purposes of comparison, additional cultures of staphylococeus were obtained by 


swabbing the skin of the antecubital space of normal, healthy adults over the usual site for 


venipuncture, Seventy-three isolates of staphylococcus were collected in this manner from 
hospital .personnel—phvysicians, nurses, secretaries, and technicians, 

For testing, all isolates were inoculated into 2 ml. (13 100 mm. tubes; aluminum 
caps) of simple nutrient broth containing no fermentable carbohydrate. : After overnight 


incubation at 387° C., growth was suspended before inoculation (3 mm. loopful of eighth 
sectors of each of 4 kinds of medium: sheep blood agar, mannitol-ehalk agar, Chapman 
Stone agar, and tellurite-glveine agar. The. remaining bacterial cells were then sedi 


] 


mented by centrifugation; the supernatant was sucked off and disearded in’ preparation 
tor coagulase testing. 

Coagulase Test-—The button of sedimented staphylococcal cells was suspended in 
0.5 ml. of freshly reconstituted, commercial, dehydrated plasma.” A known eoagulase 
positive staphvlococeus and an uninoculated broth control, both treated in the same 
fashion as the test isolates, were ineluded. All tubes were placed in a water bath at 
37° C. Readings were carried out by removing each tube from the bath, tilting to observe 
for clotting, at one-half, 1, 2, 4, and 6 hours after the test was set yp). The tubes were 
left at room temperature after the 6 hour reading; further observations were made when 
IS and 24 hours had elapsed after inoculation. Any degree of clotting was taken as a 
positive coagulase test. 

Tellurite Reduction —Commercially available tellurite-glycine agart was) prepared 
aceording to the manufacturer's instructions, After inoculation, the inverted plates were 
incubated overnight at 37° CC. Growth in jet black colonies in this period of time (18 
hours) was accepted as tellurite reduction. 

Mannitol Fermentation.—The medium of Korman and Berman’ was used to test for 
mannitol fermentation by overnight incubation at 37° C., in a eandle-jar. Isolates capable 
of fermenting mannitol grew as vellow colonies, vivid against the blue background color 


of the medium (bromthymol blue indieator 

Hemolysis.—Sheep blood agar plates (2 per cent citrated sheep blood added to commer 
cial tryptic digest of casein-papaic digest of soy bean agar base) were inoculated as deseribed. 
Plates were inspected for hemolysis after overnight incubation at 387° C., in a eandle-jar. 


* Bacto-coagulase plasma, Difco Laboratories, Inc., Detroit, Mich. 
‘Tellurite-glycine agar, Baltimore Biological Laboratories, Baltimore, Md 
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Hypertoni Environment, Piqment, and Gelatinase. Chapman Stone medium, contaming 
5 per cent sodium chloride, 7.5 per cent ammonium sulfate, and 3 per cent gelatin was pre 
pared according to Chapman’‘s formulation.» All 251 clinieai isolates, as well as the 73 
skin isolates of staphylocoecus, grew on this medium, After 48 hour incubation at r * foam 
the presence ot any shade of color, eream through orange, Was interpreted as nan indiention of 


pigment production. Those isolates capable of hydrolyzing gelatin rendered thi surrounding 


medium transparent. 


Pathogenicity.—ospital records of the patients from whom the 251 isolates fron 
Clinical specimens had been obtained were examined, Decision as to whether or not a pat 
ticular isolate was actually the cause of disease could not be made in every case.  TLowever, 
$2 isolates from pus obtained on drainage of purulent lesions were judged to be indubitable 
pathogens, Fifty-four isolates from the nose or throat were ¢ lassed as definite nonpathogens. 


Fifteen isolates from blood cultures were considered separately ; a blood culture isolate was 
classed as a pathogen if it was one of a series of several positive cultures obtained fron 


given patient, and if the elinieal course of this same patient vas consistent wit! stapl vlococen 


Sepsis. 
Virulence.—Four clinical isolates and 7 staphylococcal isolates from the antecubital skin 
of normal adults were tested for virulence in rabbits. Eighteen-hour-old broth cultures, in 


tryptic digest of casein-papaice digest of soybean broth, were harvested by centrifugation at 


t U. The collected cells were washed 2 times with 0.9 per cent sodium chloride solution 
containing 0.0L per cent Tween 80, After a third washing with plain 0.9 per cent sodium 


chloride solution, the staphylococci were suspended in a volume of 0.9 per cent sodiun 
chloride solution equal to 1 per cent of the original culture volume. After direct counting 
in the Petroff-Hauser chamber, dilutions were prepared in 0.9 per cent sodium chloride, whiel 
gave in each O.1 ml. numbers of staphylococci in the ranges: 101te. 109, 10s, and 107, acl 
dilution of each isolate tested was injected intradermally into the previously shaved skir 
of a full grown albino rabbit. The sites of inoculation were observed daily for the succeeding 
14 days. The smallest inoculum which evolved into a lesion which discharged pus was take 
as the minimal intradermal infecting dose for that isolate. 


RESULTS 
In general, the elinieal specimen isolates of staphylococcus were far more 
reactive than were staphy locoeei isolated from the skin of normal subjeets (Fig. 
1). In both groups, tellurite reduction, plasma coagulation, and pigment pro 


duetion were in agreement. 
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Tellurite Coogulase Mannitol Hemolysis Pigment Gelatinose 











Fig. 1—The per cent of 251 clinical specimen isolates of staphylococcus which reduced 
tellurite, coagulated plasma, fermented mannitol, lysed sheep erythrocytes, elaborated pigment, 
and lysed gelatin ‘on the Chapman-Stone medium, is contrasted with the per cent of 73 ante- 
cubital skin (normals) isolates of staphylococcus which also accomplished these reactions 
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The data regarding the clinical specimen staphylococci which were surely 
pathogenic (32 from pus) and surely nonpathogenic (54 from the upper respira- 
tory tract) in the patients from whom they were isolated are presented in Table 
| together with the skin isolate findings. Again, tellurite reduction, plasma 
coagulation, and pigment production were consistent parameters. Furthermore, 
while pathogen was not clearly differentiated from nonpathogen among elini- 
cal specimen isolates, skin staphylococe: were definitely less reactive by these 
tests than either kind of clinical specimen staphylococcus. The results of the 
intradermal virulence testing of the LL isolates previously deseribed (Table IL) 
confirmed that greater capacity to become established in tissues and cause dis- 
ease is another attribute of the biochemically accomplished staphyiococcus, 

Fifteen blood culture isolates were included in the 251 eclinieal isolates. Of 
these, on clinical grounds 7 were found to be responsible for illness and 8 were 
not. Tellurite, coagulase, and mannitol reactions were the most accurate indi- 
cators of the reactions which were tested (Table ITI 

The tube coagulase test is generally accepted as being the best single labora- 
tors indicator of potential pathogenicits ot staph lococeus.! The vate at which 


191 of the 251 isolates from clinical specimens coagulated plasma is presented 
in Fie. 2. Observations were made more frequently than is praetieal in a service 


laborators where tests are usually examined 5 to 4+ hours after 
Ninety-eight per cent (1S8 of 191 


inoculation. 
of those isolates which achieved coagulation 
did so within 4+ hours after inoculation. Ilowever, these results affirm the value 
of keeping overnight for final reading those tubes negative after 4+ hour ineuba- 
































tion, a practice whieh has been recommended.’* ' As Fisher’s'’ experience 
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Fig. 2 By 1 hours after inoculation, clotting had been achieved by 188 of the 191 


linical specimen isolates of staphylococcus which were coagulase-positive at 18 to 24 hours. 
No lysis of these clots occurred during the 24 hour period of observation. 
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PaBLE I. THe REACTIONS OF CLINICAL SPECIMEN ISOLATES AND SKIN ISOLATES OF 
STAPHYLOCOCCUS 

CLINICAL SPECIMEN ISOLATES SKIN STAPHYLOCOCCI 
NONPATILOGENS 75 FROM ANTI 
~ATHOGENS D4 FROM UPPER CUBITAL FOSSAE Ot 
PARAME' 32 FROM PUS RESPIRATORY TRACT NORMAL SUBJECTS 
H4% ST% S% 
Tellurite 
60% 13% g2¢ 
91% SO% TS 
Coagulase 
9% 1D% IO% 
94% 91% 31% 
Nur nite 
O% gY 69% 
OT% G1, 29¢ 
ILemolvysis 
. 19/ 9% 21% 
91% 83% QO; 
Pigment 
9% li% 92% 
53% 13% 7% 
Gelatinase 
17% D1 % 95% 
Tellurite reduction, plasma Coagulation, and pigment production, assayed as described 
in the text, reliably distinguished staphylococci obtained by culture of purulent lesions and 
upper respiratory tract from those staphylococci resident on the skin of normal individuals 
TABLE If. Viruntence Test 1N Rapsits BY INTRADERMAL INJECTION OF 11 ISOLATES 01 
STAPHYLOCOCCUS—THE SOURCE AND CHARACTERISTICS OF EACH ISOLATI 
MINIMAL LABORATORY CHARACTERISTICS 
INTRADERMAI TELLI COAGI MANNI HEMOLY PIG GELATI 
SOLATE | SOURCI INFECTING DOSI RITE LASI rol SIS MENT NASI 
6 Skin 2.85 LO.et - 
13 Skin 3.50 101 
9 Skin 2.95 LQ1e+ 
16 Skin 2.20 101 
Is Skin 3.80 LO1e¢ 
32 Skin 3.79 109 
28 Skin 2.00 109 
4] Nose » 50 109 
P45 Rar 2? 65 1010 . 
242 Sputum lta Loto 
Pus 2.90 109 


number of intradermally injected 
harge of pus within 14 days after 
ny dose given. The maximal doses 
im. in diameter which were devoid 


Resolution, without break- 
case) by 21 days after injection. 
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2.) 
would prediet, lysis of clots was not encountered in the 24 hour period of ob- 
servation. Only a few of the antecubital skin staphylococci were capable of 
plasma coagulation (7 of 73). A detailed comparison of tellurite reduetion and 
plasma coagulation, as accomplished by the 251 clinical specimen isolates of 


staphylococcus, is presented in Fig. 5. There is close agreement between these 



















tests. 
— ISOLATES OF STAPHYLOCOCCUS 
(From Clinical Specimens) 
FI—-COAGULASE POSITIVE 193——TELLURITE POSITIVE 
\ é 
| 
1 
| | 
| TELLURITE NEGATIVE | 
| 5 | 
| COAGULASE NEGATIVE \ 
: | 
! 
| 
\ | 
—- POSITIVE oF slates POSITIVE 
TELLURITE NEGATIVE ~ COAGULASE NEGATIVE 
\ 
TELLURITE POSITIVE 
a8 
COAGULASE POSITIVE 
Fig. 3 \ detailed comparison of the ability of 251 clinical specimen isolates of staphy- 


lococcus to accomplish reduction of tellurite and coagulation of plasma indicates there is 
very close agreement between these tests. 


DISCUSSION 


First noted by Loeb'! in 1903, the ability of certain staphylococci to coag- 
ulate the plasma of many animal species," ? seemingly without regard to 
the anticoagulant used,'' ?° has come to be regarded as a nearly uniform prop- 
erty of virulent staphylococei.’’ 1! 1*'> There are circumstances when avirulent 
staphylocoeci may be pathogenic, but these are unusual occurrences; for example, 
when they colonize damaged heart valves. Rabbit plasma is preferred for the 
coagulase test since, of readily available plasmas, it is the most susceptible to 
clotting by coagulase-positive staphylococci. With the demonstration that after 
storage as a dry, lyophilized powder, reconstituted plasma is a reliable reagent,’® 
the coagulase test came within the capabilities of any laboratory. Ilowever, the 
preparation of reagents and test cultures, along with examination of tubes for 
clotting, still demands significant amounts of time. In addition, commercial de- 
hydrated plasma costs about $0.09 per test.°° 

The data presented indicate that testing for tellurite reduction provides 
information of the same significance as testing for coagulase production. More- 
over, ability to reduce tellurite is quite simply assayed. Isolates to be tested 
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are streaked on a sector of a tellurite-glycine agar plate; 8 tests are conveniently 
done on 1 plate. After overnight ineubation at 37° C., the plates are inspected 
for the presence of jet black colonies indieative of growth with reduction of 
tellurite. With periods of incubation much in excess of 18 hours, some staphy 
lococeal isolates which show no erowth, or at most a era ish to brownish smudge 
in IS hours, will develop black eolonies. Not onl is tellurite reduction con- 
venientls carried out, but the cost per test is quite small—about $0.005 per test 
When & isolates are Inoculated per plate. 

The presence in the tellurite-glycine agar medium of 1 per cent elveine, 
es) per cent lithium chloride, as well as 0.02 per cent potassium tellurite makes 
for complete inhibition of gram-negative bacteria. Indeed, rather large inoeula 
of staphylococcus are required for growth. As is shown in Table IV, 4 strains 
of staphylococe: which were tellurite-positive by the sector streak method of ex- 
amination were completely inhibited when inocula varvine from 900 to 5400 
viable units were applied to the tellurite-glyvcine agar medium. These inocula 
were spread evenly over the entire surface area of 100 mm. in diameter Petri 
plate cultures, which were then incubated at 37° C. for TS ‘hours. In addition, 
our experience with swab cultures of the anterior nares and with stool specimens 
has indicated that the tellurite-glvcine agar medium of Zebovitz and associates 
is not satisfactory for primary isolation of staphylococcus. since inoculation of 
duplicate specimens on a medium which included phenvlethy! alechol as a selee- 


tive inhibitor consistent, resulted in nanv more isolations ot staph loecoceus. 





TABLE LV. INHIBITION OF STAPHYLOCOCCI, TELLURITE-POSITIVE BY THE SECTOR STREAK METHOD 









AFTER 18 HOURS AT 37° €. ON 


ISOLATES INOCULUM’ IN VIABLE UNITS PELLURITE-GLYCINE AGAR? 











241 900 No growth 
242 1.S00 No growth 
240 3,300 No growth 
28 5.400 No growth 


*Determined by pour plate colony count 
fInoculum, in 1.9 ml. normal saline, was applied evenly to surface of medium 







Variation in the inhibitory poteney of various batches of potassium tellurite 
has been reported.’ °° We have not encountered any difficulties on this seore. 
It may be that the experience of Mueller and Miller? with C. diphtheriae inhi- 
bition by potassium tellurite has signifieance with regard to staphylococeus. 
According to these authors, with a given concentration of potassium tellu- 
rite, the degree of inhibition of C. diphtheriae varied directly with the concen- 
tration of evstine in the medium. By using an acid hydrolysate of easein in 
their medium, Mueller and Miller obtained a replicable concentration of cystine, 
and the degree of tellurite inhibition was fixed by employing 0.01 per cent 
potassium tellurite. Similarly, in the tellurite-glycine agar medium, use of a 
pancreatic digest of casein as the nitrogen source fixes the evstine content of the 
medium, and, thus, protects against variation in the degree of staphyloeoceal 
inhibition by 0.02 per cent potassium tellurite. 
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Pigment production, in this study, appeared to be as good an indicator of 
whether a particular isolate was or was not potentially pathogenie as was either 
tellurite reduction or plasma coagulation. Tlowever, it should be noted that 
any off-white color in the colonies as examined by inspection was accepted as 
evidence of pigment production. Also, the conditions for development ot pig- 
ment were not those readily adaptable to a hospital laboratory. The Chapman- 
Stone medium was, in our hands, a rather capricious formula. As we com- 
pounded the medium, almost every other bateh was transparent and had to be 
disearded. The 48 hour incubation period required for full development of 
pigment on this medium imposes too great a delay in terms of time to permit 
practieal use in a elinieal laboratory. Pigment elaboration under the usual 
laboratory conditions (time and temperature of incubation, medium) is a prop- 
erty susceptible to variation. 

Ifemolysis has been shown to vary with the species!’ ** from whieh the 
ervthroevtes were obtained. Arranged in decreasing order of fragility, they 
are rabbit, sheep, human, and horse. The concentration of erythrocytes in the 
medium is also quite important as are conditions of culture. At least 3 distinet 
hemolysins are elaborated by staphylococci; in the usual clinieal laboratory, and 
under the conditions described in this study, a-hemolvsin is most likely to be 
the enzyme responsible for the destruction of the red cells as observed. a-Hemo- 
Ivsin has not been proved to be of significance in the pathogenesis of staphylo- 
eoceal infection, vet nearly all potentially pathogenic staphylococci do elaborate 
this enzyme. Some skin staphyvloeocci were also hemolytic (Table 11). It is 
possible that a more detailed analysis of hemolysin production, perhaps with 
quantitation of each hemolysin elaborated by each isolate, would permit better 
differentiation between pathogen and nonpathogen than was provided by simple 
testing for a-hemolysin. However, such detailed characterization is bevond the 
scope of a clinical laboratory. 

Mannitol fermentation and elaboration of protease capable of hydrolyzing 
velatin are enzymic feats more difficult to evaluate. The information adduced 
is of little value in differentiating potentially pathogenie staphylococci from 
nonpathogenie staphylocoee: (Table I 

The meehanism, by whieh reduction of tellurite is accomplished, is not 
known. When cell free filtrates prepared from broth cultures of known tellu- 
rite-positive staphyloeocei are inoculated on tellurite-glyveine agar which is then 
incubated at 37° C., no tellurite reduction occurs. By microseopic examination 
the individual cocei making up black colonies on tellurite-glyeine agar are black. 

SUMMARY 

1. Tellurite reduction, as determined by using a tellurite-glyeine agar me- 
dium, is recommended for laboratory determination of potential pathogenicity 
of staphylococcus species isolated from clinical sources. 

2. Tellurite reduction is of the same significance with regard to determina- 
tion of potential pathogenicity as plasma coagulation (tube ecoagulase test). 


» 


3. The tellurite-glveine agar 


plate test offers the additional advantage of 
economy of time and materials. 
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NEGATIVE CHRONOTROPISM AND INOTROPISM OF PROCAINE 
AMIDE IN TILE HEART 


J. RicHarp ALLARD, D.DLS., WittiAmM HL. Ware, D.D.S., ANp 
LESLIE L. BENNETT, M.D., Pu.D. 
San FRANCISCO, CALIF. 


ROCAINE AMIDE is used elinieally in the treatment of a wide variety of 
cardiac arrhythmias. The pharmacologie actions of procaine amide are 
qualitatively similar to those of the parent compound procaine. Proeaine amide 
differs chemically from procaine in that the ester linkage is replaced by the 
amide grouping.  Proeaine amide is not as readily hydrolyzed by plasma 
esterases and possesses a longer duration of action than procaine. Fifty to sixty 
per cent is excreted unchanged in the urine; 2 to 10 per cent is exereted as free 
and conjugated para-aminobenzoie acid.' Information concerning the effect of 
procaine amide on the contractility of the myocardium is meager. MeClendon 
and associates,” using the technique of cardiac catheterization, reported that the 
intravenous administration of procaine amide to human patients produced a 
fall in eardiae output, a fall in mean systemic arterial pressure, and a pro- 
longation of the cireulation time. On the basis of their indireet evidence they 
conclude that it exerts its major effeet through a primary myoeardial depressant 
action. 

Marchetti and Dozio’ added proeaine amide in amounts of 100 to 400 me. 
to the circulating blood of a Starling heart-lung preparation and were able to 
detect no change in the ability of a “well compensated” preparation to handle 
an increased venous inflow; however, if “failure” had been produced by prior 
administration of 100 to 200 mg. of pentobarbital sodium, then procaine amide 
further augmented the rise in venous pressure consequent upon inereasing 
venous inflow. The present study was undertaken to determine whether pro- 
caine amide would have a negative inotropie effect in the heart-lung preparation 
under conditions in which the work load was constant. 

This investigation was divided into 2 parts. The first series of experiments 
Was concerned with establishing what effects procaine amide has on diastolic 
heart size and on cardiae rate under conditions of constant inflow-load and. re- 
sistanee-load in the dog heart-lung preparation. The second series of experi- 
ments was designed to determine whether procaine amide had a negative 
inotropic effeet under conditions of constant inflow-load and resistanee-load 
when a constant cardiae rate was maintained by electrical stimulation. 

From the Department of Physiology, School of Medicine, and 
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METILODS 


The dogs used weighed from 6 to % kilograms, and after light intravenous pento 


barbital sodium anesthesia Starling heart-lung preparations! were set up by the usual 
methods. Eight preparations were studied. Changes in ventricular volume were recorded 
by use of a Henderson cardiometer and a piston-type mechanical volume recorder. Hearts 


of the animals used in the second series of experiments were driven at a constant rate by 
&% square-wave stimulator American Electronic Company with a stigmatic salt-bridge 


string’ electrode placed upon the right atrium. 


Determination of procaine amide concentration in plasma was done using the Wirsel 
and Strauss 6 method for procaine and para-amill obenzoie aeid. The method is based 
Ipon colorimetric determination of the colored compound resulting from diazotization of 
the para-amino group. In most cases the procaine amide was injected directly into the 
venous intlow in the right side of the heart. Fifteen minutes after addition of pro aine 














amide to the cireulation of the heart-lung preparation, blood was withdrawn in order to 


determine what concentration of procaine an ide had been achieved. 


RESULTS 





The data from the first series of experiments are presented in Table L. 
There was a significant decrease in heart rate of all dogs after administration 


of procaine amide. Accompanying this decrease in heart rate was an Mmerease in 







diastolic volume averaging 2.4 ml. per animal. Since, under the conditions of 
this experiment, there was a constant inflow-load, the question arises whether 
the inerease in diastolic time did not permit greater venous filling, whieh could 


account for the increase in diastolic volume. This could obscure any direct 







negative inotropie effect of proeaine amide upon the ventricular myoeardium. 

The data from the seeond series of experiments (Table IL) demonstrate 
that negative iInotropism is produced independently, of changes in heart rate 
In these experiments, with the heart rate remaining constant, an average in- 


erease in diastole volume of 7.6 mil. was observed, It MUST, therefore, he Con 










eluded that procaine amide not only reduces heart rate. but also produces a 


negative inot rople effect hy direct action on the ventricular mvoeardium, 





















TABLE I. EFrect OF PROCAINE AMIDE ON CARDIAC RATE AND VOLUME IN THE Heart-LUN« 


PREPARATION WITH A CONSTANT INFLOW-LOAD AND RESISTANCE-LOAD 





HEART RATHI 
PER MINUTE 


















AMOUNT OF 
PROCAINE AMIDI 
GIVEN 
MG. 





INCREASE IN PLASMA LEVEL Ot 
DIASTOLIC PROCAINE AMIDI 
VOLUME ACHIEVED 
ML. MG. % 








AFTER 
PROCAINI 
AMIDI 




















CONTRO! 


















102 100 1.5 a) 

2 35 73 50 > > ay 
3 111 102 50 2.0 2.6 
t 11] 94 tO 2.0 2.5 
15 118 60 3.9 1.5 
















TABLE II. Errect OF PROCAINE AMIDE ON HEART SIZE UNDER CONDITIONS OF CONSTAN' 
RATE, CONSTANT INFLOW-LOAD, AND RESISTANCE-LOAD 















AMOUNT OF INCREAS|I 
PROCAINE AMIDI DIASTOL I PROCAINE AMID 
HEART RATE GIVEN VOLUMI ACHIEVED 
DOG PER MINUTE ( MG. ML. (MG. % 





IN PLASMA LEVELS Ot 


























128 100 5.5 9.6 
132 100 7.5 10.5 
120 100 10.0 eR, 
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DISCUSSION 


In this study there was no attempt to correlate the absolute increase in 
dliastolie volume between the two series of animals. Larger amounts of procaine 
amide were used, and, consequently, higher blood levels were achieved in the 
second group of experiments. In general, the increase in diastolic size was 
ereater in those animals with the higher plasma level of the drug (Table IL), 
although the data are too few to attempt to establish a dose-response relation- 
ship. One strikine exception to the above generalization occurred in Dog 1 

Table 1). Although 100 me. of procaine amide was administered, an increase 

in diastolie volume of only 1.5 ml. was observed. In this experiment the drug 
was added to the venous reservoir and thus the initial concentration of drug 
reaching the myocardium was not as high as that in the other experiments. 

The question arises of how the levels of procaine amide aehieved in these 
experiments compares with the levels reached in its elinical use. The lowest 
levels in Series T (Table 1) which produced definite cardiae slowing and dilata- 
tion approximate the highest levels reached by Mark and associates,t whieh 
followed the intravenous administration of 1 Gm. of the compound. On the 
other hand the levels of proeaine amide found in Series IT (Table IT) are about 
S times those reached when it is used in the usual way to convert an arrhyth- 
mila.’ 

Control studies demonstrated that the small amounts of sodium bisulfite 
and benzyl alcohol present in procaine amide solutions prepared for intravenous 
use in man do not have a negative inotropie effeet in the dog heart-lung 
preparation. 


CONCLUSION 


In the dog heart-lune preparation with constant intlow-loading and re- 
sistanee-loading, procaine amide produces both negative chronotropie and 
inotropie effeets. 
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MODIFIED RESIN METILOD FOR DETERMINATION OF 
RADIOLODINE CONVERSION RATIO 
Roserr M. DowsBenr, M.)). 
CHicaco, [un. 
IL radioiodine conversion ratio! has not proved itself to be as useful a test 


for the evaluation of thyroid function with radioiodine as was hoped origi- 





nally. The disappointing results may be due, in part, to technical inadequacies 
in the performance of this test. In this report, a new method for determination 
of the conversion ratio is presented whieh is simple to perform and overcomes 
the disadvantages of prior methods. 

The conversion ratio is the ratio of protein-bound I'*! to total I'** in a 
sample of plasma usually obtained 24 hours after the administration of a tracet 
dose of sodium radioiodide. In this and similar tests, the protein-bound iodine 
in plasma usually is precipitated with trichloracetic acid. Zieve and Schultz 
have shown that appreciable errors in the trichloracetie acid precipitation may 
occur as a result of loss of organie iodine when the precipitate is washed. Ap- 
proximately 3 per cent protein-bound iodine is lost with each wash. Further- 
more, inorganie iodide is trapped in the gelatinous precipitate. Zieve and 
Schultz? and others* * have proposed methods which utilize ion exchange resins 
to remove the inorganic iodide from plasma. In these methods, course, porous 
heads of resin are used which present a large surface to small molecules but a 
small surface to proteins. The beads also permit rapid flow rates which tend to 
reduce the absorption ot protein on the resin. The moisture content of the resin 
columns must be held within narrow limits to prevent trapping of plasma in the 
resin or dilution of plasma with resin-held water. 

We have found that even porous beads of resin bind a significant amount 
of protein while large amounts of inorganie iodide are not absorbed by the resin 
hecause of channeling and rapid flow. A modified resin method for determina 
tion of the radioiodine conversion ratio has been developed utilizing a nonionic 
detergent which prevents the binding of protein by ion exchange resins.” The 
method is applicable to other tests which require separation of protein-bound 
iodine from inorganic iodide. 













METHODS AND MATERIALS 


Vodificd Resin’ Method.—Approximately 1.5 g Dowex 1-X8, 50 to 100 mesh resin in th 
chloride eycle is suspended in distilled water, washed into a 8 mm. diameter polyethylene 
chromatograph tube (open at both ends), and allowed to drain. A number of tubes may he 


prepared simultaneously, stoppered, and stored at room temperature for future use. 
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One milliliter of a solution of 3.0 per cent (w/v) Triton X-100* and 0.25 per cent 
w/v) Hyamine 23889* in 0.085 M aqueous lithium chloride is added to 2 ml. plasma obtained 
from a patient, 24 hours after administration of a tracer dose of 60 we sodium radioiodide. 
The radioactivity of the plasma mixture is measured, The plasma mixture is then run through 
the resin column completely. The tube in which the radioactivity of the plasma mixture was 
measured and the column are washed with 0.5 ml. of a solution of 1.0 per cent Triton X-100 in 
water, and the residual liquid in the column expressed by gentle, positive air pressure. The 
radioactivity of the resin-treated plasma is measured and, if necessary, a correction is made 
for the change in volume. This correetion will d pend on the geometry of the counting equip 


ment used. The radioiodine conversion ratio is the ratio between the radioactivity of the 


eluate and the radioactivity of the plasma sample. 


Other Methods.—The radioiodine conversion ratio was determined bv the established 
resin method using Rezikits.+ 


Trichloracetie acid precipitation was also performed as follows: to 2 ml. plasma an 


equal volume of 20 per cent trichloracetie acid was added; the mixture was agitated with a 


glass stirring rod; the precipitate was centrifuged; and the supernatant was discarded. The 
precipitate was broken up and titurated vigorously with & ml. 10 per cent trichloracetice acid, 
\ single washing was used to minimize loss of protein-bound iodine, Little inorganic iodide 


is removed by the second and subsequent waslies. The precipitate was dissolved in sufficient 


1 N sodium hydroxide to reconstitute the original volume, 


In Vitro Studics.—Sodium radioiodide, radioiodinated liuman serum albumin,{t or radio 
thyroxine} was added to plasma obtained from four apparently healthy laboratory workers, 
and the conversion ratio of each of the twelve samples was determined by the three methods, 
Radiopure thyroxine was prepared by ascending chromatography on Whatman No. 1 paper 


using n-butanol saturated with 2. N ammonium hydroxide as developer.6 The spot of radio 
activity corresponding to thyroxine, R 0.58, was cut out and the thyroxine eluted in 0.2 
N sodium acetate and used immediately. 

Studies in Paticnts——In 58 patients seen in the Tsotope Clinie for evaluation of thyroid 
function, the 24-hour thyroid uptake of radioiodine and radioiodine conversion ratio were 
determined by the trichloracetic acid precipitation method, by the usual resin method, and by 
the modified resin method. A determination of the status of thyroid function was made after 
evaluation of the history, physieal examination, and other laboratory tests, including the 

| 


radioiodine uptake, and was compared with the conversion ratio. 


RESULTS AND DISCUSSION 


The mean apparent conversion ratios measured by trichloracetie acid pre- 
cipitation, by the usual resin method, and by the modified resin method after 
addition in vitro of sodium radioiodide, radioiodinated serum albumin, or radio- 
thyroxine to plasma are presented in Table 1. Small amounts of thyroxine added 


TABLE I. APPARENT CONVERSION RATIO AFTER ADDING SODIUM RADIOIODIDE, RADIOIODINATED 
ALBUMIN, OR THYROXINE WAS ADDED TO PLASMA 


CONVERSION RATIO 


RADIOACTIVE MATERIAL PRICHLORACETIC ACID USUAL RESIN MODIFIED RESIN 
ADDED TO PLASMA METHOD METHOD METHOD 
Sodium iodide 1.2% t.1 to 10.6 S.6% 5.0 to 11.1 2.39% G.9Yto 3.8 
Serum albumin GO SY $8.6 to 93.2 DUS 51.6 to 71.8 V6.6% 94.4 to 99.0 
Thvroxine OQ? 4G SS.6 to 94.2 71.8% 59.2 to 77.4 Ss 8 90.) to 96.4 


The mean and range of four determinations are given 


*Obtained from Rohm and Haas, West Washington Square, Philadelphia, Da 

‘Dr. Paul Numerof, Squibb Institute for Medical Research, provided the Rezikits and 
polyethylene tubes used in this study 

From Abbott Laboratories, North Chicago, Ill 













154 DOWBEN J. Lab. & Clin. M 


TABLE If. THe 24-Hour THyroip UPTAKE AND PLASMA CONVERSION RATIO IN PATIENTS 


CONVERSION RATIO 

24-HOUR TRICHLOR USUAI MODIFIED 
CLINICAI NUMBER OF rHYROILD ACETIC ACID RESIN RESIN 
DIAGNOSIS PATIENTS UPTAKI METHOD METHOD METHOD 





















Hypothyroid 10 7.6+ 5.0% TO+ 3.90 7+ 1.10 Lot 2.60% 





huthvroid 33 98.2+ 10.1% ISS + 10.00% 84+ 25% 290,.2+ 9.6% 
Hyperthyroid 15 73.5 13.7% 63.7 + 32.6% 32.6 + 17.8% 66.6 + 15.3% 
The mean and standard deviation of the mean are given 








to serum are almost entirely bound to protein.’ Theoretically, the addition of 
sodium radioiodide should result in a zero conversion ratio, while addition of 
radioiodinated albumin or radiothyvroxine should result in a conversion ratio of 
100 per cent. Less inorganic iodide appeared in the protein bound fraction with 
the modified resin method than with trichloracetic acid precipitation, or the 
usual resin method. In the usual resin method, a considerable amount of protein 
or thyroxine bound to protein is absorbed by the resin which leads to erroneously 
low vaiues for the conversion ratio. With the modified resin method, passing 
ile plasma mixture through more than one resin column resulted in a 2 to 3 per 
cent further loss of labeled albumin or labeled thyroxine, in contrast to the usual 
resin method where the apparent conversion ratio decreased by about the same 
fraction on each successive passage. 

These observations are substantiated by our experiences in patients, which 


are summarized in Table II. Conversion ratios obtained by trichoraeetie acid 
























precipitation and by the modified resin method were comparable, in general 
The modified resin method gave a better separation between the hypothyroid 
and euthyroid groups than the trichoracetie acid precipitation method. In the 
hypothyroid, the inorganie iodide trapped in the protein precipitate is compat 
able in amount to the protein bound radioiodine. Less trapping of inorganic 
iodide by the modified resin method may account for the better separation of 
hypothyroid and euthyroid groups. The usual resin method vielded signifieantly 
lower results than either of the other methods (P < 0.01, “t” test for differences 
between usual resin and other methods for both euthyroid and hyperthyroid 
groups); the greatest overlap between groups of different thyroid functional 
status occurred with the usual resin method. 

The conversion ratios determined by the modified resin method and the 24 
hour iodine uptake in 10 hypothyroid patients, 33 euthyroid patients, and 15 
hyperthyroid patients are plotted in Fig. 1. When the results of these two tests 
are taken together, the patient groups are well separated with little overlap, 
The majority of hyperthyroid patients in this series had diffuse nodular en 
largement of the thyroid gland (Plummer’s disease); though abnormally high, 
the iodine uptakes and conversion ratios of sueh patients are lower than those 
of patients with Graves’ disease. None of the patients in this series were known 
to have had kidney disease. In patients with advanced renal disease, factitiousls 
low conversion ratios might be obtained as a result of delayed exeretion of in 


organic iodide. 
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The method of separating protein-bound substances from the free ions in 
plasma should be generally applicable and not limited to the specifie example 
deseribed in this paper. 
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wig. 1 Relation of the 24-hour radioiodine uptake by the thyroid gland to the conversion 
ratio in hypothyroid, euthyroid, and hyperthyroid patients. 


SUMMARY 


A modified ion-exchange resin method for the determination of the radio- 
iodine conversion ratio is deseribed which utilizes a nonionie detergent to prevent 
the binding of protein by ion exchange resins. The method is simple to perform. 
Results in 58 patients are reported. 
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LABORATORY METHODS 


A PAPER SPOT TEST USEFUL IN STUDY OF ILURLER’S SYNDROME 
HeLEN K. Berry, M.A... AND JOAN SPINANGER, B.S. 


CINCINNATI, OHLO 


} yeatourd demonstrated the exeretion of mucopolysaccharides, usually 
chondroitin sulfurie acid-B, by 17 of 18 children with Hurler’s syndrome. 
He and his co-workers were able to isolate 150 to 200 mg. of acid mucopolysac- 
charide per 48 hours from urine of patients with this disorder, whereas only 20 
to 50 me. per 48 hours could be obtained from normal urine. For sereening 
purposes a turbidimetrie method in whieh acid mucopolysaccharides reaet with 
albumin at pI 3.0 was used. Mever and associates,” using a method involving 
precipitation of acid mucopolvsaceharides with cetyl trimethylammonium 
bromide, isolated a mixture of mucopolysaccharides from the urine of 4 out of 5 
patients with gargovlism. Chondroitin sulfuric acid-B was the major com 
ponent, 

Chondroitin sulfurie acid can be detected on paper chromatograms using 
toluidine blue. * Preliminary testing indicated that most normal urines con- 


tain no substanee which reacts to give a positive test with toluidine blue. Separa- 


tion of chondroitin sulfuric acid by chromatographic migration seemed un- 


necessary in a sereening test for the presence of this substance in urine. 


METILODS 


To perform the test 5, 10, and 25 wl urine are placed on separate spots on a piece of 
Whatman No. 1 filter paper. A micropipette is used to add 5 wl at a time. Each application 
should dry thoroughly before the next is made. The paper is dipped in an aqueous solution of 
0.04 per cent toluidine blue* buffered at pH 2.0 for about 1 minute, drained, and rinsed in 95 
per cent ethyl alcohol. 

Urine from children with Hurler’s syndrome gave a purple spot against a light blue 


— 


background. Known amounts of chondroitin sulfuric acid were applied to paper, as spots 
Dt paj | 
of the same diameter as the urine spots. Five microliters of a solution of chondroitin 


sulfurie acid containing 0.10 mg. per milliliter gives a positive test. A comparison of the 


g 
amounts of chondroitin sulfate in urine with known amounts gives an estimate of the 


coneentration, 


From The Children's Hospital Research Foundation and Departments of Pediatrics and 
Pathology, College of Medicine, University of Cincinnati, Cincinnati, Ohio. 

With the assistance of a grant-in-aid, No. MA-1175, from The United States Public 
Health Service, National Institutes of Health, and a research grant from the Muscular Dys 
trophy Association of America, Ine 

Received for publication April 6, 1959. 

Coleman certified buffer tablets may be used The reagent should be stored in a refrig 
erator to prevent mold growth 
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RESULTS 

Chondroitin sulfuric acid concentration in urine of children with Hurler’s 
syndrome is given in Table I. 

Patients 6 and 7 were siblings. Patients 2 and 8 had mild forms of the 
disease. The specimen from patient 4 was a dilute urine (speeifie gravity 
1.005). Creatinine ratios can be used to correct for variations in urine volumes 
when random specimens are tested. The volume of urine required to give a 
positive test from children with Hurler’s syndrome contained between 2 and 5 
mee. creatinine. 

Approximately 250 urine specimens from children hospitalized for a variety 
of diseases were tested using urine volumes ranging from 25 to 60 «1, depending 
on the volume required to contain 40 meg. creatinine. When these larger 
volumes were used a faintly positive test was noted in urines from a diabetie 
ehild, a child with phenylketonuria, and a male sibling of Patient 4. Urine 
specimens from a newborn infant gave positive tests for chondroitin sulfate on 
the second, third, and fourth days of life, though not on the first. Urine 
specimens from this infant were negative by the third week. Urine from 2 
female siblings of this infant also gave faintly positive tests when volumes otf 
urine containing 40 meg. creatinine were used. One of the sisters, age 4 vears, 
has galactose disease for which she has been treated with a lactose-free diet 
since the age of 3 months. Urine from 5 other newborn infants gave positive 
tests during the first week of life. In each instance the coneentration of 
chondroitin sulfate was estimated to be one-eighth to one-twentieth that found in 
urine of children with Hurler’s syndrome. 

The difference demonstrable with this test between chondroitin sulfate in 
urine of normal children and of those with Hurler’s syndrome appears to be in 
the amount excreted. If a small volume of urine is tested, 5 ul, or that volume 
containing approximately 5 meg. creatinine, the amount of chondroitin sulfate 
present in urine of normal children older than 1 week would not be sufficient to 
give a positive test under the conditions deseribed. 

Urine specimens dried on filter paper had been obtained from 2,200 infants 
between the ages of 2 weeks and 6 months as part of a urine survey for detee- 
tion of phenylketonuria.”. These furnished a source of urine to test for exeretion 
of chondroitin sulfate by young infants. As a control, filter paper was dipped 
in urines that gave positive tests for chondroitin sulfate when a volume of 5 ul 


was used. From these dried urine papers, pieces approximately 14 ineh square 


TABLE Ll. EXcrRETION OF CHONDROITIN SULFURIC ACID BY CHILDREN WitH HURLER’S SYNDROME 


CASE NO. SEX MG. PER MIL. 
| EF 0.5 
° M 0.5 
5 M 0.2 
| M 0.1 
” M 0.2 
0 M 0.5 
7 F 0.5 
8 M 0.2 
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were cut, dipped in reagent, and washed. The urines from children with 
Hurler’s svndrome dean gave positive tests. The control papers were kept it 
room temperature and continued to give a positive test for at least a month. 
Small sections were cut from each of the 2.200 urine filter paper specimens and 
tested. Four positive tests were obtained. Of the children, all under 3 months 
of age when first specimens were obtained, none appeared to have gargoylism 
on examination. Six months later 3 of the children have no abnormalities. One 
of the children was operated upon for excision of an encephalocele. Urine 
specimens from this ehild following the operation were still positive for chondro 
itin sulfuric acid. The child continued to have convulsive seizures 6 months 
later 


DISCUSSION 


The metachromatic effeet observed with toluidine blue is due to a direct 
combination of acidic funetional groups on the polvsaecharide polymer with 
basic LrOUps of the dve. The reagent which is deseribed is butfered to prevent 
staining of compounds whieh are ionized above pI 2. Nevertheless, many sub 
stances other than chondroitin sulfuric acid may produce metachromasia. 
Separation and identification of the substances reactine with toluidine blue will 
be necessary to clarify the role of acid mucopolysaccharide excretion in gargoy! 
ism. Exeretion of chondroitin sulfate by children with Hurler’s syndrome mas 
not be a characteristic feature of the disease, nor is it necessarily limited to 
those children with the disease. The excretion of mucopolvsaccharides in any 
considerable amount bevond the newborn period is certainly not common. In 
our sampling, positive tests were obtained in 0.2 per cent of the urine specimens 
tested. If one recognizes the limitations of this simple spot test as a sereening 
method it should be of value as an additional diagnostie tool in the study of 
vargov lism. 


SUMMARY 


A paper spot test using toluidine blue reagent is deseribed for the detection 
of chondroitin sulfuric acid. Urine specimens from 9 patients with Hurler’s svn 
drome gave positive tests. Two hundred and fifty urine speeimens from ehildren 
with a variety of diseases were tested using urine volumes 5 to 10 times that 
which gave positive tests in cases of Hurler’s syndrome. Faintly positive tests 
were obtained in 4+ specimens. From a sampling of 2,200 urine specimens from 
infants between the ages of 2 weeks and 6 months, 0.2) per cent positive 
specimens were obtained. Urine from newborn infants during the first few 
days of life gave positive tests. 
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AN EVALUATION OF SEVERAL: MEDIA FOR THE EARLY) 
DETECTION OF PSEUDOMONAS AERUGINOSA 
ENCOUNTERED IN CLINICAL PRACTICE 
Irving Davis, Pu.D., WALTER SELLERS, M.A., HyMAN OrBacH, M.S., AND 


(FEORGE WEDDINGTON, B.S. 
RaNnpoupeu Atm Force Bask, Texas 


Hh inereasine clinical liportance of the pseudomonads in both acute and 

chromie infection has been reported in recent vears. The only known 
human pathogen amone this genus of bacteria is the twpe species, Pseudomonas 
aeruginosa. The in vivo emergence of strains of this organism which are re 
sistant to many of the common antibiotics used in therapy is probably the 
primary reason for the Pseudomonas problem. In this fashion, it resembles the 
Staphylococcus problem, 

One of the principal characteristies of Pseudomonas aeruginosa is its solu 
ble blue-green plement. This pigmentation characteristie may be considered 
pat! ognomonie for this species when encountered in clinical specimens, There- 
fore, in elinieal baeteriologie laboratory practice, this pigmentation criterion 
mas he considered diaenostie for Pseudomonas aeruginosa, Other tests for the 
identification of this organism, besides being time consuming, become supple- 
mentary and merely confirmatory. 

The chief difficulty in the rapid identification of this organism is the faet 
that many strains isolated trom clinical material do not produce pigment on the 
isolation medium. Beeause of this, an extra day is required for the usual 
routine identification procedures. Three biochemieal tests have been developed 
in recent vears to aid in the identification of this organism. Two of these tests, 
the Haynes gluconate oxidation test, and the Gaby eytochrome oxidase test, 
require as much time for identification as do the usual routine methods. The 
third, Kovae’s oxidase test, has been deseribed by Gaby and Hadley’ as being 
incapable of separating Alkaligenes faecalis from Pseudomonas aeruginosa, im 
several instances. These biochemical tests all require time for growth of the 
organism before they ean be accomplished, in addition to the extra time and 
effort required to perform the actual test. 

In our opinion, if the strain of Pseudomonas acruginosa produces pigment 
on the isolation medium, visual observation of this characteristic provides the 
most rapid and reliable method for identifying this organism. For this reason, 
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TABLE |. DISTRIBUTION OF PSEUDOMONAS AERUGINOSA STRAINS 

ISOLATION SOURCES ISOLATION MEDIA® NUMBER OF STRAINS 
Urine BA(27), EMB (6 33 

Burn wounds BA 20 

Ear BA 15 

Feces SS 8 
Throat BA 6 
Sputum BA 2 

Lung BA 2 
Trachea BA(1), SS (1 2 

Brain abscess BA l 
Sealp BA l 
Chin BA ] 

Blister BA l 
Abdominal wound BA l 

Vaginal cyst BA ] 

Eve (rat BA l 

ATCC Unknown 7 

Total 102 

*BA blood agar; EMB eosin-methylene-blue agar; SS = salmonella-sheigella agar. 


we decided, as a preliminary study, to compare the pigment-promoting ability 
of the usual media reported in the literature for the isolation of Pseudomonas 
aeruginosa, 


MATERIALS AND METHODS 


~ 


Several clinical bacteriologie laboratories in this geographie area were requested to 
submit cultures of Pseudomonas acruginosa isolated from elinical materials. 

The diagnostic procedures for isolation and identification of this bacterium varied 
in the several collecting laboratories. In general, 2 days, and usually more, elapsed before 


definite identifieation eould be made. The distribution of the 102 strains collected 


is shown 
in Table I. The widespread occurrence and infectivity of this organism in the human body 
Is aupparent, It is noted that 7 strains of Pseudomonas acruginosa, secured trom the Amer 
ican Type Culture Colleetion, were included in this study. The medium used in the primary 


isolation of approximately SO per cent of the total strains was blood agar. 

Upon rece pt of the Pseudomonas isolates at the School of Aviation Medicine, each 
specimen was purified by subculture on a nutrient agar streak plate incubated for 48 hours 
at 37° CC. Growth from a single colony on each plate was transferred to each of 2 nutrient 
agar slants and the latter was meubated for 24 hours at 87° (C. One set of 102 nutrient 
agar slants was sent to the Lackland Group (Laboratory Bb), the other set was retained 
by the School ef Aviation Medicine Group (Laboratory A). Each group carried out an 


identical procedure. Each strain was streaked on each of the 3 media studied. Following 


24 hours’ incubation at 37° CC. the 3 plates for each strain were visually observed and com 
pared against one another with regard to pigmentation. An arbitrary system of 0 to 4 plus 


was set up in eael laboratory to quantitate pigmentation. 


Three media were studied. Nutrient agar was seleeted as representative of the routine 
media commonly used in diagnostic bacteriology, Asparagine agar was reported several vears 


ago by Mitchell and others! as ideally suited for demonstrating the pigmentation of 


the Pseudomonas. Recently, Martineau and Forget® reported the use of Sabouraud maltose 


agar as an effective medium for Pseudomonas pigmentation, 
RESULTS 
A comparison of the 3 media for the diagnostic detection of pigmentation 
in 102 strains of Pseudomonas aeruginosa reeorded by the 2 laboratories is 


shown in Fig. 1. Laboratory A reeorded almost 95 per cent of the strains as 
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showing pigmentation when asparagine agar was used, whereas Laboratory B 
showed considerably different results. Both laboratories demonstrated the 
failure of nutrient agar to detect diagnostically the strains that show plgmenta- 
tion. On the other hand, the effective ability of Sabouraud maltose agar to 


deteet almost 95 per cent of the strains as pigmenters is apparent. 
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Fis Comparison of media for the diagnostic detection of pigmentation of 102 strains of 
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LABORATORY ‘A LABORATORY “8” 
DEGREES OF PIGMENTATION (ARBITRARY UNITS) 


pigmentation intensity produced bv each of 10 strains of Pseudo- 
OnAS ae (ginosa on lifferent media 


ie. 2 shows a COlparison of the degree of pigmentation exhibited 1 the 
102 strains of Pseudomonas on the 3 different media as recorded Ivy the 2 
laboratories. The first point to be made is that the quantitation differed between 
the 2 laboratories. This is as might have been expected with such a subjective 
criterion as visual pigmentation. Nevertheless, it is apparent that both labora 
tories evaluated Sabouraud maltose agar as the medium showine the ereatest 


intensity of pigment in the largest per cent of the strains examined. It is also 
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noted, as shown in Fie. 1, that the 2 laboratories differed appreelably on their 


analyses with asparagine agar. Further, the failure of nutrient agar to produc 


high dearer of plementation vas noted in both laboratories. 


| E II ( t \TI | FEN LARO ORIES OF PIGMENTATION © | , » 
»4 H S 0 1) ss \ ) Pst “ ‘ LS AER OSA ¢ DIAGNOS \ly 
Ek Ch l \‘ EKEMI kl t mS AC Kh t 
if I PATIO rie | rhe 
\ \ "OS \ ‘ 

IED GA 0) IVI ( \ | 4 \ \ 
\sparagine agar he 1.0 Qo 60.8 oo OOS 
Nutrient agar as 15.6 1S.0) 13.7 S 0 
Sahbouraud maltose sent 1S oY G70 30 oo , i) 


Table 1] shows the results ol the pd separate laboratories’ iInvestientilons Onl 


each strain of Pseudomonas on each of the 38 media. The primary fact noted 
here is that the laboratories aereed us lo newative or POSIT LV prirnne hitation 


In 97 per cent of the strains that were examined when Sabouraud maltose agar 


Was used, The results obtained with the other 2 media indicate a sientfieant 
deeree of ciffe renee in findings between the » laboratories, This would tend 
lo limit the usefulness ot these media lor rapid diaenostte bactertolowle Tests 


iInvol\ lhe P se HdOMONUS ae VUGLHOSA, 
DISCUSSION 


The principal funetion of the elinieal diagnostie bacteriologic laboratory 
is the completion of requested analy ses. Sueh results are of ereatest aid to the 
physician when they can be performed with a minimum of time and a maximum 
of aceuraey. Therefore, early, reliable results from the bacteriologie laborators 
will help the physician in making decisions as to treatment and control of 
Infectious diseases. 

It is believed that the study reported here provides a reasonable answer to 
one small, but important, problem in diagnostic bacteriology, namely, the pseu 
domonads. It is reasoned that any teehnique which will increase the chances 
for early detection and reporting of Pseudomonas acruginosa warrants consider 
ation by elinieal bacteriologists. Further, sinee technicians in elinical labora 
tories, as a group, show an extremely wide variation in competency and expert 
enee, it is imperative that those tests which assure the greatest chances for 
accurate analyses be emploved. It is suggested that the routine use of Sa- 
bouraud maltose agar for specimens from certain selected specialties of the 
medical and surgical services of the hospital may effectively aid in the diagnosis, 


treatment, and care of the patient. 
SUMMARY 


This report deseribes an evaluation of several media for the early detection 
of Pseudomonas aeruginosa that may be encountered in elinieal specimens. The 
criteria chosen were qualitative and quantitative pigmentation. The deficiencies 
possessed by the usual laboratory media, as represented by nutrient agar, have 


been shown. The ability of Sabouraud maltose agar to increase the chances for 
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detecting pigmentation qualitatively, as well as increasing the degree of pig 


mentation of strains of Pseudomonas acruginosa, is documented in these studies. 


lt is sugeested that eareful consideration be given to this medium for its routine 


Incorporation in diagnostic bacterioloeie procedures in scleeted clinie specialties. 
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THE CLINICAL APPLICATION OF GAS CHROMATOGRAPHY TO 
THE ANALYSIS OF RESPIRATORY GASES 
DoxaLtp P. DrRess_terR. M.D... Grorce J. Mastrio. M.D... AND 
FRANK EF, ALLBRITTEN, JR., M.D. 
KANSAS City, KAN. 


HERE is need for a rapid and reliable method for the qualitative and 

quantitative analyis of respiratory gases. The methods of Haldane as well 
as the micro technique devised by Scholander' are time consuming and_ re- 
quire a trained analyst. The microanalysis techniques, though useful, are 
difficult when a high coneentration of gas is undergoing absorption. The 
addition of anesthetic gases to the usual respiratory gases makes aceurate 
determinations by any volumetric method difficult. Infrared analysis eannot 
analyze other components of the respiratory gas specimens. or these 
reasons, the applheation of gas adsorption chromatography for elinieal re- 
quirements was evaluated. 

The prineipal application of differential adsorption for purposes of anal 
vsis dates back to 1897 when D. J. Day showed that erude petroleum when 
foreed upward through a column of powdered limestone became fractionated, 
and the oil that first emerged was thin and lighter in color than that which 
followed. This was initially termed “adsorptive filtration.” Since that time, 
and particularly in the last ten years, this principle has been used exten- 
sively’ in the separation of substances for analytical purposes. It has been 
limited mainly by lack of invention or improvement of means of detection. 
The use of one of these methods, gas adsorption chromatography, was used 
in the study to investigate concentrations of respiratory gases ordinarily en 


countered in c¢linieal work. 


MATERIALS AND METIIODS 


The Beekman gas chromatograph (Model No. 178) was evaluated (Fig. 1). This in 
strument allows the analysis of a gaseous mixture by injecting the gas which is unde 
yoing analysis into a column that has a carrier gas circulating through it. The column 
has a packing for which components of the unknown gas have different affinities; this 
results in the components traveling at different rates through the column. Thev arrive 
separately at the column exit where they are measured by a suitable detector, Heliun 
is used as the carrier gas in this particular instrument and enters the inlet at the upper 
left of the flow diagram (Fig. 2). The carrier gas flows through a pressure regulator and 
then through a special filter to a capillary orifice. The regulated flow then passes throug 
one-half of the thermal e mduetivity detector cell where it serves as a reference. Gas 
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sumples are introduced through the sampling valve and are carried through the coiled 
adsorption eolumn. As each component exits from the column, it passes through the 
second half of the thermal conductivity detector cell where it is compared with the ref- 
erence, The difference in thermal conductivity of the 2 sides of the cell produces a 
voltage imbalance which is transmitted to a Bristol recording svstem (Model No, 560 
In this study the chromatograph attained a constant temperature of 35° C. by means 
of a thermostatically controlled heating element: the columns were flushed with the helium 
earrier gas. A standard 5 liter bag was filled with varied coneentrations of oxvgen and 
earbon dioxide. Using a three-way stopcock and an oiled svringe, samples were removed 


from the bag and 5 ml. was injected into the sampling chamber, After allowing 5 seconds 








for the gas to equilibrate to atmospheric pressure, the sampling chamber allowed exactly 
1.2 ml. of the sample to be added to the carrier gas in the column. The carrier gas flowed 
at 90 ml. per minute for oxygen analysis with a 4 foot Linde 13X (No. 17337) eolumn, 
and at 48 ml. per minute with a 12 foot Di n-Butvl Maleate (No. 17329) column for ear- 
bon dioxide analysis, A constant current of 250 milliamperes was used in the detector 
cell, The peak height and time of elution were recorded. The same sample was then 
analyzed by the standard Scholander micro method. All samples were analyzed in 


quadruplicate with the chromatograph and in duplicate by the Seholander method. 
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January, 1960 
RESULTS 
Utilizing the deseribed technique, the apparatus was calibrated for analy- 


sis of oxygen and earbon dioxide. Peak height of gas samples, as measured 


on the Bristol recorder, was plotted as the ordinate and per cent oxygen and 
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earbon dioxide as the abscissa (Figs. 3 and 4). Per cent oxygen was eal- 


ibrated in the range 0 to 100 per cent and carbon dioxide in the range of 0 


to 10 per cent. In these ranges an almost linear relationship exists between 
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BECKMAN GAS CHROMATOGRAPH 
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peak height and per cent concentration. Typical recordings (Fig. 5) reveal 


peak heights as measured directly on the recorder paper and demonstrate the 
ease with which results are reproducible. 


DISCUSSION 


The gas adsorption chromatograph offers a rapid and reliable method for 
the qualitative and quantitative analysis of respiratory gases. The amount 
of sample required for analysis is small. For analysis of oxygen and carbon 
dioxide, 2 columns are utilized. The carrier gas as well as the gas under- 
going analysis is easily direeted into either column by means of valves. The 
simplicity of operation, compared to other standard methods of gas analysis, 
allows multiple determinations during experimental studies with a high de- 
gree of accuracy. Other components of ventilatory gases, including an- 
esthetic gas, can be determined both quantitatively and qualitatively with 
the proper selection of column packing materials. The error in’ repeated 
analysis of carbon dioxide never exceeded 0.1 volume per cent and the max- 
imum error in oxygen determinations was 0.8 volume per cent in the higher 
concentrations of the gas. All results were reproduced at various time inter- 
vals throughout the period of study and the determinations are available 
within 2'4 minutes after injection into the chromatograph. 


SUMMARY AND CONCLUSIONS 


A method of qualitative and quantitative analysis of respiratory gases, 
oxygen and carbon dioxide, using the Beekman gas adsorption chromatograph 
(Model No, 178), has been deseribed. Accuracy within the range of e¢linieal 
application has been determined to be within 0.1 volume per cent for carbon 
dioxide and within 0.8 volume per cent for oxygen. Five milliliters of gas 
sample is sufficient for an accurate analysis. Results are available within 1 
minute for oxygen, and within 214 minutes for carbon dioxide. 

The gas adsorption chromatograph provides a reliable and accurate ap- 
paratus for the rapid analysis of small quantities of respiratory gas. 
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AN ABBREVIATED METHOD FOR BLOOD VOLUME 
MEASUREMENT EMPLOYING RADIOCHROMIUM 


Mary S. McCann, B.S., AND SuE KELLER, B.S. 
DaLLAS, TEXAS 


Hit determination of the intravascular volume has many clinical applica- 

tions, but the existing methods are not completely satisfactory for routine 
use. Evans blue dye (T-1824) and radioactive iodinated human serum albu- 
min (RISA) have been extensively employed, but the volume of distribution 
of these substances is considerably greater than the intravascular space, par- 
ticularly under circumstances where the integrity of the vascular tree might 
be compromised. The method in whieh radiochromium-labeled red blood 
cells are used is much more accurate, but, because the labeling process is 
time consuming, this method has enjoyed only limited clinical application. 

It was the purpose of the present study to modify the tagging procedure 
so that the method might be employed in emergency situations without seri 
ously compromising its aeeuracy. The entire procedure has been shortened 
so that the material can be prepared for injection within 20 minutes, and 
accurate blood volume determinations can be provided in an additional 50 
minutes or less. 


MATERIALS AND METHODS 
Rapid Method.—To 40 pe of Na,Cr*O, in 1 ml. saline in a sterile 30 ml. test tube or 
serum bottle was added 15 ml. whole blood, which had been collected in a syringe containing 
3 ml. of a ecitrate-dextrose solution.* This was incubated at room temperature for 5 min- 
utes, filtered with mild suction through any blood administration 


with 15 ml. saline. The cells were then reconstituted 


set, and washed once 


with saline to a volume of approxi- 
mately 15 ml. 


Ten milliliters of this tagged-cell suspension was injected intravenously using a cali 
brated syringe. Fifteen minutes after injection, a heparinized sample was collected for 
preparation of a 4 ml. whole blood sample and duplicate Wintrobe hematocrits. 

The standard was prepared by adding 3 ml. of watert to 1 ml. of the reconstituted, 
tagged cells. If doses of 40 ye or less are employed dilution of the standard is unneces- 
sary. Counting was done in a sodium iodide (thallium-activated), erystal scintillation 
well counter having a counting efficiency of 1,400 counts per second per miecrocurie Cr51,} 


Received for publication May 22, 1959. 


*Baxter Laboratories, Inc., ACD solution (Transfuso Vac Bottle). 


Each 100 ml. con- 
tains: dextrose USP, 1.47 Gm.; sodium citrate USP, 1.32 


Gm.; citric acid USP, 0.48 Gm. 
+Water hemolyzes the cells and assures uniform distribution of the activity within the 
4 ml. volume; the whole blood samples are thoroughly mixed before each counting 

tThe calculations are as follows: 


; count of standard X milliliter injected 

blood volume = a ; 
count of sample — 4 

red cell mass blood volume xX hematocrit. 

plasma volume blood volume - red cell mass. 
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Standard Method1—The standard procedure departs from the above method as follows: 
heparin was the anticoagulant used; the plasma was removed before the addition of Cro; 
the incubation time was 30 minutes at 37° C.; the cells were washed twice, and a 45 ml. 
cell suspension was injected. 

Effect of Anticoagulants on Cr51-Labcling._-Fifteen milliliter whole blood samples were 
collected in 38 ml. Abbott ACD (special formula), 3 ml. Baxter ACD, and in 0.05 ml. heparin 

10 mg. per milliliter), ineubated with 40 we Cro! for 5 minutes at room temperature, and 


washed 3 times with eold saline. 


Comparison of Labeling in Baxter ACD at Various Hematocrit Levels and Effect of 
Vultiple Washings.—Eighty milliliters blood was colleeted in 17 ml. Baxter ACD, and, 
after adjusting to hematocrits of 10, 80, 50, and 70 per cent, 15 ml. aliquots were incubated 
With 40 we Cro) for 5 minutes at room temperature, The cells were counted after 1 and 3 


saline washings. 
RESULTS 

Comparison of the 2 methods shows excellent agreement in values for 
plasma and red cell mass volumes, particularly the latter, which is the least 
susceptible to variation between determinations. The sequence of the 2 types 
of determinations was alternated, resulting in time intervals of from 15 min- 
utes to 3 hours between determinations. 

As can be seen in Table Il, labeling efficiency of the Abbott ACD solution 
(special formula) is slightly superior to that of the Baxter formula. The 
latter was employed because it was readily available and more economical. 

The data in Table ILL demonstrate 2 technical points: (1) repeated 
washings with saline provide negligible reduction in unlabeled Cr®! content 
compared with that accomplished by a single washing; and (2) the decreased 
per cent uptake observed in extremely anemic states may necessitate a cor- 


respondingly inereased Cr*! dosage. 


DISCUSSION 


Various methods have been proposed for the measurement of blood vol- 
ume using radioactive chromium. Among the modifications which deserve 
consideration is the use of labeled low titer Group O, Rh-negative cells 
however it is sometimes difficult to maintain a supply at all times for 
emergency use. 

Economie considerations resulted in exclusion of the method of counting 
samples in a special plastic coil.) * * Not only was washing the coil between 
samples rather time consuming, but the counting efficiency was reduced to 
438 per cent of the efficiency of a 4 ml. sample. Such a decrease in count rate 
would of necessity either elevate the amount of Na.Cr*'O, used in labeling 
or would prolong the time required for counting. 

The injection of unwashed and unfiltered cells following the addition 
of aseorbie acid has also been proposed.” If sueh a method is adopted cer- 
tain faets should be considered: (1) on occasion small fibrin clots are ob- 
served in the filtering sets; (2) it has been established that leukocytes® and 
platelets’ are labeled with Cr and if either of these components is elevated, 
care should be taken to remove them while aspirating the saline wash. The 


*Radicoil (Abbott Laboratories). 
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necessity of eliminating the leukocytes before injection became apparent 
when a 220 per cent error was made in a blood volume determination on a 
patient having a leukocyte count of 400,000 e.mm. (3) Hemolysis, although 
uncommon, may not be perceived unless centrifugation is employed. 

The results of this study demonstrate that the procedure commonly em- 
ployed to label red cells with Cr°®! may be shortened without seriously com- 
promising the accuracy of the method. The procedure, thus shortened, may 
be quickly performed under circumstances which are considered emergent, 
yet at the same time the accuracy of the original method may be retained 
substantially. 

This method has been applied in pre- and postoperative blood and fluid 
replacement problems. The rapidity with which the blood volume may be 
determined by this method should widen its field of usefulness. The method 
aecurately measures only the red cell mass; the plasma and total blood vol- 
umes are estimated from the venous hematoerit. 


SUMMARY 


The procedure for determining the blood volume in which radiochromium 
is used has been modified for the purpose of completing the determination in 
a minimum length of time without significantly compromising the accuracy 
of the test. 


The authors wish to express their sincere appreciation to Dr. D. A, Sutherland, Dr. 
Seymour Eisenberg, Dr. Ben Friedman, and Dr. Henry Lanz for their interest ard valu 
able assistance in the preparation of the manuscript. 
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INTRODUCTION 

EPORTS of infectious processes due to Listeria monocytogenes, occurring 

in both man and animals, have been steadily increasing over the past 
decade and listeriosis as a disease entity is becoming a problem of importance 
in publie health in the world today. Yet, little is known of the epidemiology 
and epizoology of this disease, i.e., carriers, veetors, mode(s) of transmission 
of infeetion, and distribution of L. monocytogenes in nature. Experimental 
work on these important aspects has been hampered in the past by the lack of 
a suitable selective medium for isolating the organism from mixed cultures, 
since in the presenee of such common contaminants as Micrococcus pyogenes, 
Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and Streptococcus 
faecalis. L. monocytogenes is easily and completely overgrown on nonselective 
media. 

Previous attempts made by Gray* using tellurite and sodium azide and by 
Shimizu’ using a nitrofuran compound called guanofuracin (5-nitro, 2-furfuryl- 
idene, aminoguanidine hydrochloride) t have been shown in our experiments to 
have shortcomings either by inhibition of L. monocytogenes growth or by lack 
of selectivity. 

Our experiments have been directed toward the evaluation of various 
chemical and physical agents in the hope that one or more of these might, when 
incorporated into a satisfactory basal medium, make possible selective cultivation 
ot L. monocytogenes from mixed eultures containing small known numbers of 
this bacterium. 


MATERIALS AND METHODS 


Cultures.—NTCT strains of L. monocytogenes numbers 7973, 5348, 5105, and 5245 were 
used representing, respectively, L. monocytogenes Paterson serotypes 1, 2, 3 and 4.4 Other 
organisms employed for testing the selectivity of the medium were M. pyogenes var. aureus, 
E. coli, Ps. aeruginosa, P. vulgaris, Str. faecalis, Streptococcus pyogenes, and Bacillus 
subtilis. 
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necessity of eliminating the leukocytes before injection beeame apparent 
when a 220 per cent error was made in a blood volume determination on a 
patient having a leukocyte count of 400,000 e.mm. (3) Hemolysis, although 
uncommon, may not be perceived unless centrifugation is employed. 

The results of this study demonstrate that the procedure commonly em- 
ployed to label red cells with Cr** may be shortened without seriously com- 
promising the accuracy of the method. The procedure, thus shortened, may 
be quickly performed under circumstances which are considered emergent, 
yet at the same time the accuracy of the original method may be retained 
substantially. 

This method has been applied in pre- and postoperative blood and fluid 
replacement problems. The rapidity with which the blood volume may be 
determined by this method should widen its field of usefulness. The method 
accurately measures only the red eell mass; the plasma and total blood vol- 
umes are estimated from the venous hematoerit. 


SUMMARY 


The procedure for determining the blood volume in which radiochromium 
is used has been modified for the purpose of completing the determination in 
a minimum length of time without significantly compromising the accuracy 
of the test. 


The authors wish to express their sincere appreciation to Dr. D. A. Sutherland, Dr. 
Seymour Eisenberg, Dr. Ben Friedman, and Dr. Henry Lanz for their interest and valu 
able assistance in the preparation of the manuscript. 
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INTRODUCTION 


EPORTS of infectious processes due to Listeria monocytogenes, occurring 

in both man and animals, have been steadily increasing over the past 
decade’ and listeriosis as a disease entity is becoming a problem of importance 
in publie health in the world today. Yet, little is known of the epidemiology 
and epizoology of this disease, i.e., carriers, veetors, mode(s) of transmission 
of infeetion, and distribution of L. monocytogenes in nature. Experimental 
work on these important aspects has been hampered in the past by the lack of 
a suitable selective medium for isolating the organism from mixed eultures, 
since in the presenee of such common contaminants as Micrococcus pyogenes, 
Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and Streptococcus 
faecalis. L. monocytogenes is easily and completely overgrown on nonselective 
media. 

Previous attempts made by Gray* using tellurite and sodium azide and by 
Shimizu’ using a nitrofuran compound ealled guanofuracin (5-nitro, 2-furfuryl- 
idene, aminoguanidine hydrochloride) t have been shown in our experiments to 
have shortcomings either by inhibition of L. monocytogenes growth or by lack 
of selectivity. 

Our experiments have been directed toward the evaluation of various 
chemical and physical agents in the hope that one or more of these might, when 
incorporated into a satisfactory basal medium, make possible selective cultivation 
of L. monocytogenes from mixed cultures containing small known numbers of 
this bacterium. 


MATERIALS AND METHODS 


Cultures.—NTCT strains of L. monocytogenes numbers 7973, 5348, 5105, and 5245 were 
ised representing, respectively, L. monocytogenes Paterson serotypes 1, 2, 3 and 4.4 Other 
rganisms employed for testing the selectivity of the medium were M. pyogenes var. aureus, 
E. coli, Ps. aeruginosa, P. vulgaris, Str. faecalis, Streptococcus pyogenes, and Bacillus 
subtilis. 
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Vedia.—For initial eultivation of cultures in preparation for the testing in different 


media, heart infusion broth (Difco) was used. 


Various types of prepared media were tried for a basal medium in testing various 


experimental agents. In the preliminary stages, tryptose agar (Difeo) was used, and as 
experimentation progressed, glyeine agar base* was tried, and finally phenyl ethanol agar 
Difeo) was emploved as a basal solid medium, and tryptose phosphate broth (Difco) as a 
basal enrichment broth. Tryptose phosphate agar was used as a control throughout. 


The basal medium was rehydrated and autoclaved at 15 pounds pressure for 15 minutes, 
then cooled to 50° CC. The experimental agents tested were dissolved in distilled water to 
suitable concentrations, sterilized by filtration, and added to the basal medium, aseptieally, 
in the eoneentration required, The media were poured into sterile Petri dishes then placed 
in an inverted position at 37° C. to dry overnight. 

Quantitative Testing Methods.—An overnight broth eulture of each of the strains of L. 
monocytogenes, BE. coli, and M. puegenes was used as inoculum for the experimental solid 
media using the drop plate method, with 6 drops per plate. Colony counts were done follow 
ing incubation at 37° C. for 48 hours. The mean of 6 counts was taken for each culture 
grown on each of the experimental media and compared with the mean obtained for cultures 
grown on control medium, the results being expressed In percentage inhibition of growth. 

Qualitative Testing Mcthod.—When quantitative experiments indicated that a particular 


agent might | 


e useful for selection, work was initiated with mixed cultures. Tryptose phos 
phate broth was incubated with one standard loopful (10° ml.) of a 12-hour broth culture 
of the following: i. puogencs var. aureas, k. coli, Ps. acruginosa, Proteus ulaaris, Nt 


faccalis, Str. pyogenes, B. subtilis, and L. monocytogenes. Experiments were run in quadrupli 


eate, each with a different LL. monocytoaqenes strain. The mixed eulture was ineubated at 37 
(. for 36 to 48 hours, then streaked on the surface of agar containing the selective agent, and 
incubated for 48 hours at 30° C. The isolation of numerous colonies was considered to be a 


good result. 
RESULTS 


Substances that were tried individually and in various concentrations, but 
found to be of little value, inelude the following: sedium chloride, glucose, 
changes in pH, potassium tellurite, quanidine hydrochloride, aminoquanidine, 
benzyl chloride, ethyl alcohol, phenobarbital sodium, boric acid, sodium thio 
sulfate, and lysozyme.t Media containing rhamnose as the only souree of earbo 
hvdrate in the presence of the indicator, phenol red, also did not prove useful. 

Substances found to be of some value were guanofuracin, Furacing (5-nitro, 
2-furaldehyvde semicarbazone), and Furadanting | N(5-nitro-2-furfurilidene)-1 
amino hydantoin.| Results are shown in Fig. 1. The concentrations of these 
4 nitrofuran compounds were those predetermined by viable counts to offer 
maximal growth of L. monocytogenes strain 7973, Serotype 1. Note that at 
these concentrations, little or no growth of either E. coli, or M. pyogenes occurs 
On the other hand Furadantin shows a distinct inhibitor effect on L. mono 
cytogenes strain 5241, the Serotype 4 organism, less on the Serotype 3, and none 
on the Serotype 1 and 2 organisms. Both guanofuracin and Furaecin show ex 
cellent selection with little or no L. monocytogenes inhibition in the eoneentra 
tion employed. Our results with guanofuracin agree essentially with Shimizu’s 
except that we found it necessary to employ a final concentration of 1:50,000 


*From the Case Laboratories, Chicago, III. 
‘National Biochemical Co. 
tEaton Laboratories, Norwich, N. Y 
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rather than the 1:10,000 used by him in order to obviate growth inhibition of 
one or more of the test L. monocytogenes strains. These results also indica 

that Furacin at 1:100,000 final coneentration may be substituted for guano- 
furacin, In addition to the above, several commercially available prepared 
selective media were tried for use as basal media. Glycine Agar and Glycine 
Tellurite were examined quantitatively in this respect and the results appear in 


Table 1. 


THE EFFECT OF THREE NITROFURANS ON THE GROWTH OF 
LMONOCYTOGENES,M PYOGENES AND E.COLI 
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EC*ESCHERICHIA COL 


It ean be seen that olycine tellurite produces considerable inhibition of all 
the strains of L. monocytogenes tested. Glycine agar base, however, showed in- 
hibition to Str. faecalis and E. coli, but very little for L. monocytogenes. 

Phenyl ethanol agar which is used as inhibitor of gram negative organisms 
in general and Proteus swarming in particular, was also examined. L. mono- 
cytogenes cultured on this medium, showed no inhibition of numbers or colony 
size when blood was added. 

As a result of the observations and experiments described above, the follow- 
ng method is recommended for the isolation of L. monocytogenes from mixed 
bacterial populations: 


Enrichment Broth.—Tryptose phosphate broth (Difco) rehydrated and 
uutoclaved at 15 pounds pressure for 15 minutes with added Furacin 1:10,000 
'o make a final concentration of 1:100,000. 

Selective Medium.—Pheny|! ethanol agar base (Difeo) containing tryptose 
per cent, Bacto extract 0.3 per cent, sodium chloride 0.5 per cent, Bacto agar 
> per cent and phenyl ethanol 0.25 per cent. To this is added lithium chloride 
05 per cent, glycine 1 per cent, and blood 5 per cent. 

Procedure.—The specimen to be cultured is inoculated into the enrichment 
roth and ineubated at 37° C. for 48 hours. Subinoeulation is then made by 
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streaking on to the selective solid medium and incubating again for 24 to 48 
hours at 37° C. 

Using the above method L. monocytogenes could be isolated quite readily 
from mixed cultures containing VM. pyogenes var. aureus, E. coli, Ps. aeruginosa, 
P. vulgaris, Str. faecalis, Str. pyogenes, and B. subtilis. L. monocytogenes pro- 
duced gray colonies showing no zone of hemolysis. Other microorganisms 
present following this procedure (but considerably inhibited in numbers) are 
B. subtilis and Str. faecalis whose cultural characteristics permit easy separation 


from those of L. monocytogenes. 


TABLE I.) EFFECTS OF DIFFERENT MEDIA ON GROWTH 


PER CENT INHIBITION 


ORGANISM GLYCINE TELLURITE GLYCINE AGAR BASI 
L. monocytogenes 1 100 0 
L. monocytogenes 2 100 0 
L. monocytogenes 3 100 25 
L. monocytogenes 4 100 18 
M. pyogenes 0 0 
Str. faecalis 100 100 
E. coli 100 100 


DISCUSSION 


This work has concentrated on finding a medium suitable for the rapid 
isolation of L. monocytogenes from mixed cultures. The medium and method 
described above have been found to be useful in separating L. monocytogenes 
‘from experimental mixed cultures. This method however, has not been examined 
extensively with elinieal materials. There is still reason to believe that some 
specimens, particularly tissue, require refrigeration in enrichment broth prior 
to plating, as advocated by Gray,® in order to obtain maximum sensitivity. 
These difficulties are presently being investigated and have been reported on by 
Bearns and Girard.’ 

A prime difficulty encountered in this work was the physiologic differences 
discovered in the 4 serotypes of L. monocytogenes, which presumably hamper 
the isolation of the organism from clinical materials as well. This aspect was 
not pursued at this time, but it is felt that this may be a very fertile field for 
future investigation. 

SUMMARY 


A method and medium have been developed for the isolation of L. mono- 
cytogenes trom mixed cultures as it commonly oceurs in biologie materials 
This consists of an enrichment broth in which the organisms are incubated for 
18 hours, then streaked on a solid selective medium. L. monocytogenes produces 
gray colonies in 24 hours. Other organisms present could be easily differentiated 
by their appearance. 
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ELIMINATION OF BACKGROUND STAINING IN) THE PERIODIC 
ACTD-SCHIFF METHOD FOR PROTEIN-BOUND CARBOHYDRATES 
IN PAPER ELECTROPITORESIS 
Morris N. GrReeN, Pu.D.. Exiga RreKsStTNiece, D.M.D., Osvaipo VALDES 


Diaz, B.S... AND Harry SruwacuMan, M.D. 


308STON, Mass. 


N SPITE of the fact that paper electrophoresis of serum protein has become a 
| routine procedure in many ¢linieal laboratories,’ methods for paper cleetro 
phoresis of protein-bound earbohydrates (PBC) have not been similarly per 
fected. The analysis of PBC in serum has proved to be useful in the elinical 
study of many conditions, including neoplastie diseases,? collagen disease, espe 
clally rheumatoid arthritis,’ ° blood dyserasias,' and tuberculosis... The proce 
dure most frequently employed is that of Kéiw and Grénwall® who have adapted 
the Hotehkiss? periodie acid-Schiff reaction to paper electrophoresis. Bjornes jo” 
and Laurell® have also deseribed methods for using the periodie acid—Schiff re 
action for PBC. One of the major shortcomings of this method is the variable 
background staining of the paper strips, thus making exact quantitation of the 
periodic acid Schiff reaction difficult. In this investigation we have made a 
systematic study of some of the factors which influence intensity of background. 
uniformity of staining, and reproducibility of results in the periodic acid Sehiff 
reaction for protein-bound carbohydrates. The solutions have been standardized 
and a simplified procedure was evolved. 


PRELIMINARY OBSERVATIONS ON METHOD 


To eliminate the background staining in the Kéiw and Groénwall® method, 


the followine modifieations were found to be sienifieant: (1) elimination ot 


ethyl alcohol from all reagents, (2) reduction of oxidation time in periodic acid 
solution, (3) reduction of the cupling time with the fuehsin reagent, and (4 
standardization of methods for preparing all reagents, particularly the fuehsin 
solution. 


In Fig. 1 the influenee of duration of periodie acid oxidation upon intensity 
of background is shown. After 1 to 2 minutes of oxidation hardly any diseerni 
ble background could be observed on the paper strips. However, upon  pro- 
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longation of the periodic acid oxidation a progressively darker background was 
observed. This is most likely caused Hy oxidation of cellulose by periodic acid 
With formation of carbonyl groups. A similar progressive intensification of 
background was obtained by inereasing reaction time in the fuehsin. sulfite 


solution 





Fig. 1.—Effect of periodic acid oxidation on extent of background color. Strips allowed 
to oxidize in 1 per cent periodic solution from 1 minute to 30 minutes, and then the rest 
of the periodic acid-Schiff reaction was completed. teading up: (1) 1 minute, (2) 2 minutes, 
: 3 minutes, (4) 5 minutes, (5) 10 minutes, (6) 15 minutes, (7) 20 minutes, and (8) 306 
minutes 
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Several other faetors contributed to background staining. The use of 
rinses between reagents was found to be unnecessary when the strips were al- 
lowed to drain before being placed in the next reagent. The presence of small 
quantities of aldehyde in most samples of ethyl aleohol was probably responsible 
for some background staining. The method for preparing the fuchsin solution 
was found to be eritieal, especially with respect to rapidity of color development 
as well as shade of the bands. 


MATERIALS AND METHODS 


Periodic Acid.—VWissolve 10 Gm. periodic acid (H.10O, and 0.2 Gm. sodium acetate 
NaC.H,O.3H,O)+ in 1 L. water. This reagent may be reused once or twice, It is stable 
for 2 weeks. It must be kept in the dark. 

Reducing Solution.—1. Solution A: 50 grams potassium iodide (KI)t: 50 grams 
sodium thiosulfate (Na.8.O,-5H.O)+ dissolved in 1 L. distilled water. 

2. Solution B: Thirty-five milliliters 1 N HCl diluted to 1 liter with distilled water. 

3. Mix A and B just before use ir proportion of 2 parts A to 3 parts B (400 ml. to 
600 mil.). 
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Fig. 2 Relationship between intensity of color and amount of serum 


Schiff Reagent.—Dissolve 10 grams basie fuchsin} in 1 L. of distilled water heated 
to 90 to 95° CC, Allow to cool below 40° C., add 20 grams potassium metabisulfite 
(K.S,O,),t shake, add 200 ml. 1 N HCl, shake, and allow to stand overnight in the dark 
at 4° C. The next morning add 3 grams decolorizing carbon,§ and filter by suction through 
a Buechner funnel. The Buchner funnel is prepared by pourng an aqueous suspension of 
Johns Manville Celite Analytic Filter Aid over Whatman No. 1 filter paper while under 
suction. The solution of the Schiff reagent should be crystal clear and colorless, It should 
be kept cold in a dark bottle when not in use. The solution should not be kept for more 


than a month. It should be discarded as soon as it turns slightly pink. 





*G. Frederick Smith Chemical Co., Columbus, Ohio. 

7Baker Analyzed Reagent, J. T. Baker Chemical Co., Phillipsburg, N. J. 

tBiological Stain Commission, H. J. Conn, Geneva, N. Y., Certification No. NF 66, CI 
’ 77, 90 per cent dye content, National Aniline Division, Allied Chemical and Dye Corp., 
N. Y., Cat. No. 434. 

§Norit A, Pfanstiehl Chemical Co., Waukegan, III. 
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Sulfite Rinse.—To 1 L. of distilled water add 8 grams potassium metabisulfite. Shake 
and add 20 ml. concentrated HCl. This solution should be used within a few days. 
Electrophoresis.—Fresh serum was applied to Whatman 3 mm, strips (thick paper), 
using the Spinco Model R apparatus and the Spinco procedure as described in Spinco manual 
RIM-5.* Fifty microliters of serum was applied to each strip. Separation of the serum 
protein was achieved with a current of 5 Ma., over a period of 


16 hours, using a cell 
containing 8 strips in Veronal buffer (0.075M, pH 8.6). 
Staining Procedure.—t1. Two minutes in periodie acid. (Drain off excess solution after 
each step, by tilting rack. ) 
2. One minute in reducing solution. Repeat. 


(Strips must be white before proceeding 
to the next step. 


3. Leave in Schiff reagent for 2 to 3 minutes, but not more than 5 minutes. 


$. (Optional) If background looks highly colored at 


this point, wash out part of 
the excess fuchsin by 


immersing rack in running tap water, tilting the container, for a 
period of 3 minutes. 


5. Rinse in bisulfite solution for 2 minutes and 


repeat rinse in new solution for 4 
more minutes. 

6. Blot strips between 2 layers of clean blotting paper. 

7. Dry in fereed draft oven on Spinco drying rack at 37° C. for 10 to 15 minutes. 

8. Sean strips immediately with Spineo Analytrol Model RB* 
the front and rear filter holders, the B-5 cam and the 4 
used, : 


holder, 


using a 550 filter in 
mm. slit. If the 14 mm. slit is 
i neutral density filter either 0.8 or 0.6 must be inserted in front of the rear filter 


RESULTS 


Relationship of Quantity of Serum to Intensity of Color—In order to 
evaluate the method with respect to deviation from Beer’s Law, varying amounts 
of the serum were applied to paper and allowed to migrate for 2 hours in the 
electrophoresis cell, after which the strips were stained. A constant volume of 
fluid, 40 or 50 yl, was applied to the strips. The dilutions varied from 20 per 
cent to undiluted serum. The areas for each quantity of serum were determined 
by the Analytrol. The results are shown in Fig. 2. 

It will be observed that a straight line relationship was obtained between 
20 per cent and undiluted serum, using either 40 or 50 yl fluid. The results 
show that under the conditions described there was no appreciable deviation 
from Beer’s Law. 

Error of Method.—The standard deviation of the method was tested by 
doing multiple determinations on 3 different sera similar to the procedure re- 
ported by Bjérnesjo.8 These results are shown in Table I. The standard devia- 
tions of the various fractions in each serum differed, indicating that under the 
conditions of separation employed in these experiments each serum appears to 
show its own set of characteristics. 

Normal Values.—Sera from 48 healthy adult blood donors, both men and 
women, were tested. The sera were kept in the refrigerator at 4° C. and no 
serum older than 3 days was tested. The arithmetic means, standard deviations, 
and ranges are summarized in Table II. 

*Spinco Division, Beckman Instruments, Palo Alto, Calif. 


+Liter quantities of reagents were used along with the Spinco 


stainless steel staining 
rack and plastic trays. 
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TABLE IT. Error oF Metiop IN DETERMINING THE RELATIVE DISTRIBUTION 
OF PROTEIN-BOUND CARBOHYDRATES 


NUMBER OF STANDARD DEVIATION OF MEAN 
SERUM DETERMINATIONS ALBUMIN ALPHA, ALPHA, BETA GAMMA 
A 36 1.7 1.4 2.0 2.0 1.9 
(10.2 ) + 17.9 (37.1 BOS (14.0 
B 18 33 1.9 2.2 2.9 a5 
(14.7 13.0) 21.9 29.3 21.3 
C 10 3.3 4.6 3.0 5.1 4.5 
(11.5) (20.4 (24.4 29.6 14.1 


Fifty microliter aliquots of the same serum applied to Whatman 3 mm. paper strips, 
stained by the simplified method after electrophoresis 


‘ xd? 
VN-1 
standard deviation 
d deviation from the mean 
N number of specimens. 


rArithmetic averages in parentheses 


Stability of Strips.—The stained strips can be kept at —-20° C. for more 
than 6 months without intensification of the background. At room tempera- 


tures a progressive increase in background was observed. 


DISCUSSION 


In the modified periodic acid—Schiff method deseribed, the control of back- 
ground is achieved by elimination of extraneous sourees of aldehyde. The 
periodic acid—Schiff procedure on paper strips apparently does not require the 
use of alcohol in any of the reagents. Oxidation of the strips for ov 5 minutes 
in periodic acid gives irreversible background from the earbonyl groups gen- 
erated by the oxidation of cellulose'’ (Fig. 1). The reaction time in fuchsin 
was accelerated by inereasing its concentration from 0.1 per cent to 1 per cent, 
thus making it possible to obtain rapid staining of the applied material without 
allowing weakly reacting ¢arbonyl groups in the paper itself to combine with 
the fuchsin reagent. 

In order to obtain a readable level of color, it is necessary to separate at 
least 50 wl serum. Apparently poor electrophoretic separation is obtained by 
employing large quantities of serum. In the protein method, where mueh 
greater precision of measurement is obtained, either 6 or 10 ul serum are sepa- 


rated, depending on the thickness of the paper. It is also possible that periodic 


TABLE IT, NorMAL. VALUES OF PBC OsTAINED From 48 ApuLT BLoop Donors 


FRACTION ARITHMETIC MEAN STANDARD DEVIATION RANGE 
Albumin 11.0 3.5 7 to 15 
Alpha, 18.1 3.5 14 to 22 
Alpha, 24.8 5.4 19 to 31 
Beta 29.4 5.4 24 to 35 
Gamma 16.7 4.1 12 to 21 


Fifty microliter aliquots of each serum applied to Whatman 3 mm. paper strips, stained 
by the simplified method after electrophoresis. 
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acid—Schiff reactive material in serum other than PBC occurs. This material 
may not migrate in any predictable fashion, thus blurring the boundaries of 
the major PBC eomponents. 


SUMMARY 


A modified periodic acid-Sehiff method is deseribed for the determination 
of protein-bound carbohydrate in serum separated by paper electrophoresis. A 
major disadvantage of previous methods was formation of a variable baek- 
ground which interferes with photometric scanning of the stained paper strips. 
Uniformly colorless backgrounds were produced in our method by: (1) elimina- 
tion of aleohol from the reagents, (2) minimum oxidation of the paper strips 
in periodic acid. (3) minimum coupling time in fuehsin sulfite, and (4) stand- 
ardization of the methods for preparing all reagents. A straight-line relation- 
ship was observed between the amount of color developed and the quantity of 
serum. The error of the method was determined and ranged from 1.4 per cent 
to o.1 per cent, depending on the fraction of serum. Normal values (per eent 
total protein-bound carbohydrates) for adults were determined, and these were 
albumin 11.0 + 3.5, alpha, 18.1 + 3.5, alpha, 24.8 + 5.4, beta 29.4 + 5.4, and 
vamima 16.7 + 4.1. 


We wish to thank Antoinette Curry and Albert S. Klainer for technical assistance, and 
Dr. Mark Lesses of the Beth Israel Hospital and Dr, A. Richardson Jones of the Children’s 
Medical Center, Boston, for many of the sera used in this study. 
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THE HAZARD OF ORALLY PIPETTING TRITIUM OXIDE 
Ben Bioom, Pu.D. 
BETHESDA, Mp. 


Ii obvious hazards involved in pipetting radioactive solutions can be 
attributed to two eauses: (1) A pipetting accident eaused by overzealous 
aspiration and (2) the inspiration of vapor. These two possible hazards can 
be controlled by the simple issuance of a decree forbidding the oral pipetting 
of radioactive materials. Nevertheless, with the inereasing availability and use 
of tritium compounds of high speeifie activity, for example, water and ecom- 
pounds which give rise to water by their metabolism, it seemed of interest to 
obtain an estimate of the quantity of vapor inspired during the act of pipetting. 

For these determinations a simulated oral pipetter consisting of a greased 
hypodermic syringe fastened by rubber tubing to the pipette being tested was 
used. The water vapor entering the rubber tubing and syringe was equilibrated 
with a known volume of water and an aliquot assayed for tritium. 


As will be seen in Table I, the consequence of orally pipetting tritium oxide 
is the aspiration of about 5 to 70 myl. of water per operation. When one con- 
siders the number of such operations which are frequently earried out in the 
laboratory and that water-H* of a specific activity of 1 »C per mul. (which is 
only 0.03 per cent T.O; 100 per cent T.O has a specifie activity of 3 x 10° nC 
per ml.) is in common use, it becomes apparent that with each pipetting opera- 
tion one’s isotopic enrichment may become appreciably increased. 


TABLE [. ASPIRATION OF WATER VAPOR DURING PIPETTING 


| MILLIMICROLITERS OF WATER ASPIRATED 


SIZE TRIAL 

PIPETTE ML. ] 2 3 4 
Long-tip 0.1 0.3 5.6 4.6 48 
Long-tip 0.2 0.1 8.4 
Long-tip 0.5 0.4 5.7 11.0 5.3 
Volumetric 5.0 3.0 61.0 73.0 67.0 
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